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Introduction 

MATLAB is the abbreviation for MAtrix LABoratory and is actually the leading 
environment for technical computing. Originally written in Fortran, by C Moler, MATLAB 
was designed to facilitate the access to the matrix framework developed for the LINPACK 
and EISPACK projects. The current version, written in C by the MathWorks Inc., exist in a 
Professional version and a Student version. Its availability is ensured on multiple platforms: 
Linux, Mac, Windows and several parallel machines. 

MATLAB is a comprehensive and almost easy to use for scientific computing but very 
expensive for students or independent/small companies (unlike R, Octave, Scilab or other free 
open source equivalent alternatives). It provides to engineers, researchers and any scientific 
an interactive system that integrates a lot of scientific numerical computation and 
visualization algorithms (but can do much better!). It is a powerful, almost open and 
programmable system allowing especially remarkable gains in productivity and creativity. 

MATLAB is relatively complete, open and extensible for calculation and visualization 
algorithms. It has hundreds (if not thousands, depending on the version and the optional 
toolbox around the MATLAB core solution) mathematical, scientific and technical functions. 
The matrix approach allows MATLAB to process data without large size variables and 
perform numeric and symbolic calculations quickly and reliably. Thanks to the graphics 
capabilities of MATLAB, it becomes very-easy to interactively change the various graphics 
settings and to adapt them according to our wishes. 

The fact that the source code of some functions integrated in MATLAB can be inspected 
gives sometimes the engineers to develop better custom made solutions (also do Python 
Scipy...). 

MATLAB has its own language that is very fast and allows time savings for Engineers 
compared to other languages like C, Fortran, Python and the TurboPascal even if the language 
is horrible to use (non-typed, bad closed lined, etc.). With MATLAB, we can make 
connections dynamically, to C, .Net or Fortran programs, exchange data with other 
applications (via DDE: MATLAB server or client) or use MATLAB as analysis and 
visualization engine. 

In terms of development speed, MATLAB is always faster than C/C++. This is to be expected 
with a higher-level language, just as C/C++ is faster to develop with than assembler. 

But a C/C++ programmer with an infinite amount of development time can beat MATLAB s 
speed, in the same way an assembly programmer with an infinite time can beat a C/C++ 
programmer. 

MATLAB also includes a set of tools specific to engineering areas called Toolboxes. 

Essential for most users, Toolboxes are collections of functions that extend the MATLAB 
environment to solve specific types of problems. The areas covered are varied and include 
signal processing, automatic control, system identification, neural networks, fuzzy logic, 
structure calculation, statistics, database access, etc. 

This document can also strongly help you to prepare the following certifications: 


1 


MathWorks® 


CERTIFIED MATLAB® 
PROFESSIONAL 


MATLAB 


MathWorks® 

CERTIFIED MATLAB' 

ASSOCIATE 
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Notes : 

Nl. The first exercises are almost the same as those made in the theoretical statistics courses, 
statistical process control, decision analysis with Microsoft Excel, Minitab, SPSS and 
MATLAB or during the engineering project management course (in which the calculations 
are made by hand). 

N2. In this book we show normally only tools using mathematical concepts for which we 
studied the detailed proof (demonstrations available in my book on Applied Mathematics) in 
our courses and are used as part of our consulting activities. If this is not the case, the topic 
title is followed by the abbreviation WP that stands for: Without Proof. 

N3.1 wrote this document only for fun to validate the results obtained by hand and especially 
to play with mathematical theorems I studied in detail as part of my studies (mathematical 
proofs available in my book on Applied Mathematics). 

N4. Following questions from readers: No, I am not paid by The MathWorks to do their Ad ... 
software like: 

Minitab, XLStat SPSS, R (see my PDF about this program), SAS, PSPP, SyStat, Gauss, 
Matlab, Statistica, Stata, MedCalc, StatsDirect, SigmaXL, NumXL, JMP, Weibull ++, 
Design-Expert, PlanExpert, UNISTAT, QIMacros (Quality Improvement macros), 

EasyFitXL,... 

do almost the same relation about topics covered in this document or just specific topics. I just 
had to make a choice... (I cannot spend my time writing books on all types of software!) And I 
focused on the software used by the majority of my customers working in finance and 
insurance and R&D. However if enthusiasts people want to reproduce the contents of this 
book with their favorite statistical software they do not have to hesitate! It would even be 
interesting to compare the results!! If I have time I will write the same content but with SPSS. 
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About the writers 

ISOZ Vincent 

Resident until this date in Lausanne (Switzerland) 
Trainer: Physicist Engineer HES (B.Sc.) 

Year of birth: 1978 
E-mail: isoz@sciences.ch 


Employee at Scientific Evolution Sari specialized in consulting and training for high- 
potentials especially quantitative analysts in project management, quality, engineering, 
finance and decision making. Incidentally, happy freelancer that gathers since young 
information from articles everywhere and now addicted to everything related to applied 
mathematics in the management of organization (Businesses, States), TQM (Total Quality 
Management) with Post-Taylorism and related softwares. 

Consultant in applied mathematics tutoring quantitative analysts (graduate and postgraduate) 
in French, English and German and author of several French and English eBooks in the 
following areas: 

- statistical process control (parametric and nonparametric methods) 

- predictive modeling / advanced decision (decision trees, Markov chains) 

- Operations Research (quasi-Newton, simplex, genetic algorithms, algorithm GRG) 

- data mining (neural networks, PCA, CA, regressions, scoring, clustering, etc.) 

- risk modeling in project management and corporate finance (monte carlo, bootstrapping) 

- project management (best practices and theoretical models EFQM+Six Sigma, MS Office Project) 

- ISO 9001:2008, 5807:1985, 10015:1999, 31000+31010:2009, 8258:1991, 10017:2003 

- Adobe Photoshop and Illustrator 

- 12 applications of the Microsoft Office System (Project, Visio, SharePoint, Access, etc.) 

At this date I made interventions in over 200 companies, including some of to the Fortune 500 
according to the 2009 listing and also in three universities and engineering schools in 
Switzerland for databases and stochastic risk simulations trainings. I also gave training in 
several multinational to executives in one to one. Sometimes I give training on softwares like 
MS Project, MS Visio, MS Access and approximately 20 others softwares that I delegated the 
training organization to companies specialized in computer softwares trainings (university 
degree level and below). 

Finally, I would advise anyone wishing to really master the subject to read my e-book on 
Applied Mathematics (~ 5'400 pages). 
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KOLANI Daname 

I'm currently living in Casablanca (Maroc) 

Graduate in Finance from the Business School ENCG-Casablanca 
Born in 1990,1 am from Togo. 

E-Mail: daname.kolani@hotmail.com 


I am passionate in the field of finance, economics, and other corollary as econometrics, also in 
statistics & probabilities. Apart, the theories associated with those fields, I have a great 
interest in tools that underpin all of these areas. I am bilingual (French & English) and my 
specific competences include: 

Corporate Finance (Investment decision & Financing, Financial Analysis and 
Diagnosis, Management Control and Company Evaluation...) 

- Market finance (financial portfolio management, financial asset valuation, risk 
management tools ...) 

I also have an interest in computational finance skills in R Project, VBA, Excel, MATLAB, 
EViews & SPSS. 

I aspire to get into consulting and thereby contribute to the optimization of financial decisions 
and the implementation of efficient financial strategy consistent with the business model of 
companies. 




MATLAB 


19/1357 






Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Warnings 

The content of this document is elaborated by a development process by which volunteers 
reach a consensus. This process that brings together volunteers, research also the point of 
view of people interested in the topic of this document. The person in charge of this document 
administers the process and establishes rules to promote fairness in the consensus approach. It 
is also responsible for drafting the text, sometime for testing/evaluating or independently 
verifying the accuracy or completeness of the presented information. 

We decline no responsibility for any injury, damage or any other kind, special, incidental, 
consequential or compensatory, arising from the publication, application or reliance on the 
content of this document. We make no express or implied warranty on the accuracy or 
completeness of any information published in this document, and do not guarantee that the 
information contained in this document meet any specific need or goal of the reader. We do 
not guarantee the performance of products or services of one manufacturer or vendor solely 
by virtue of the document content. 

By publishing texts, it is not the intention of this document to provide services on behalf of 
any person or entity or performing any task to be accomplished by any person or entity for the 
benefit of a third party. Anyone using this document should rely on its own independent 
judgment or, where that is appropriate, seek the advice of a qualified expert to determine how 
to exercise reasonable care under all circumstances. The information and standards on the 
topic covered by this document may be available from other sources that the reader may wish 
to visit in search of points of view or additional information not covered by the contents of 
this document. 

We have no power in order to enforce compliance with the contents of this document, and we 
do not undertake to monitor or enforce such compliance. We have no certification, testing or 
inspection activity of products, designs or installations for safety or health of persons and 
property. Any certification or other statement of compliance regarding information relating to 
health or safety of persons and property, mentioned in this document, cannot possibly be 
attributed to the content of this document and remains under the responsibility of the 
certification center or the concerned reporter. 
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How to use this book 

At the university level, this book can be used for a PhD, graduate level or advanced 
undergraduate level seminars in many exact and pure sciences fields. The seminars where we 
use this material is part of Scientific Evolution Sari program, where the trainees typically 
already have taken undergraduate or graduate courses in their respective specialization. 

Because the methods of applied mathematics are learned by practice and experience, we view 
a seminar on MATLAB as a learning-by-doing seminar. We structure our mathematical 
modeling seminars around a set of problems that require the trainee to construct models that 
help with planning and decision making. The imperative is that the models should be 
consistent with the theory and back-tested. To fulfill this imperative, is necessary for the 
trainee to combine mathematical theory with modeling. The result is that the trainee learns the 
theory, and more importantly, learns how that theory is applied and combined in the real 
world. The ability to criticize and identify limitations of dangerous mathematical tools is the 
most valuable feature of our seminars. 

The problems with solutions in the text provide the opportunity to apply the text material to a 
comprehensive set of fairly realistic situations. By the end of the seminars the trainees will 
have enhanced their skills and knowledge of the most important theoretical and computing 
tools. These are valuable skills that are in demand by the businesses at the highest levels. 

It is very difficult to cover all the material in this book in a semester. It takes a lot of time to 
explain the concepts to the trainees. The reader is encouraged to pick and choose which topics 
will be covered during the term. It is not necessary strictly necessary to cover them in 
sequence but it can help in a significate way... 

In a nutshell, this book offers you a wide variety of topics that are amenable to modeling. All 
are practical. 
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Your opinion matters! 

As a reader of this document, you are the critic and the most important commentator. Your 
opinion counts and it is very interesting for us to know what is good, what can be better and 
topics that you would like to see be treated. 

You can send me an e-mail to share what you liked or disliked in this document to ensure 
continuous improvement. 

If you want to complete this support with a subject that is important to you and for which you 
have the mathematical proof please do not hesitate to contact me. I will integrate the subject 
specifying your name and surname. 

Note that unfortunately I cannot answer to technical engineering questions or business issues 
for free by email for obvious professional reasons. 

E-mail: isoz@sciences.ch 

With that, I want to say a huge "THANK YOU" to all of my customers, partners, 
colleagues, students and friends who with their feedback, return on experience helped 
me write this e-book. 
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Useful Links 

General 

http://ww.sciences.ch (the companion website containing mathematical proofs) 
http://ww.google.com 
http://www.youtube.com 

http://www.scribd.com 
http://www.mathworks.com/products/ 
http://www.mathworks.ch/ch/help/matlab/release-notes.html 

http://www.mathworks.com/matlabcentral/fileexchange/ 

http://www.mathworks.ch/discovery/ 
http://www.mathworks.ch/discoverv/gallery.ht 
http://www.mathworks.com/matlabcentral/newsreader/ 

http://www.undocumentedmatlab.com 

http://www.imageprocessingblog.com 

http://www.alphorm.com (for people that want the fundamentals part of this eBook as video): 




Forums 

http://ww.mathworks.ch/matlabcentral/answers/ 

http://www.talkstats.com 

http://matlab.developpez.com 
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Non-MathWorks additional Toolboxes and Hardware 

http://www.mosek.com (optimization toolbox: non-free) 
http://www.cvxr.com (another convex optimization toolbox) 

http://www.asu.cas.cz/~bezdek/vyzkum/rotating 3d globe/ (earth globe statistics: free) 
http://www.nag.co.uk/numeric/MB/start.asp (high speed calculation toolbox: non-free) 
http://psychtoolbox.org (world reference toolbox for psychologists) 

http://ww.idquantique.com/random-number-generators/products.html (quantum rd generator) 
http://www.tadeveloper.com (trading strategy technical analysis tool) 
http://rtime.felk.cvut.cz/scheduling-toolbox (scheduling optimization toolbox) 
http://www.bull.com French provider of HPC servers 
http://www.techilatechnologies.com (distributed calculation solution) 

Open Data Sources 

https://opendata.swiss 
http://ec.europa.eu/eurostat/data/database 

http://www.quandl.com 

https://data.gov.uk 

http://www.data.gov 
http://www.census.gov/data.html 

http://www.opendatanetwork.com 

http://open-data.europa.eu/en/data/ 

http://wiki.dbpedia.org/ 

http://dataportals.org/ 
http://www.healthdata.gov/ 
https://azure.microsoft.com/en-us/marketplace/ 

http://www. gapminder.org/data/ 

http://finance.yahoo.com/ 



MATLAB 


24/1357 



























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


http://archive.ics.uci.edu/ml/index.html 

http://www.ncdc.noaa.gOv/data-access/quick-links#loc-clim 

http://mmlab.ie.cuhk.edu.hk/proiects/CelebA.html 

Others 

On the aberration of managing big business with spreadsheets softwares: 



MATLAB 


25/1357 








Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Data Files 


The data files used in this book, that is to say: 

• 213 Files (*.mat, *.csv, *.jpg, *.mov, etc.) 

• Classified in 33 Folders 

• For a total of 3.02 GB of data 

are given with free perpetual updates only to the people that follows our corresponding 
MATLAB training or to people that pay (or donate) an equivalent amount of 499$. 

Universities, Engineering schools and Corporations need to buy only oh ; time for a unlimited 
use of their students or employees but restricted to only one geographic. 1 localization. 

For more information on the purchasing process, you can contact us b; lail at the following 
address: isoz@sciences.ch 
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Donate 

This MATLAB book belongs to the companion books of the 6,000 pages theoretical 
compendium Opera Magistris that is also a free book: 



and also of the equivalent free books on R and Minitab. 


In order to continue the writing of this compendium and to continue to evolve this free book 
on MATLAB your donations are welcome and we thank you in advance. 

You can donate through Patreon: 

https://www.patreon.com/sciences 


or PayPal: 



http ://www. sciences .ch/htmlen/donate .php 
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Bibliography 

Here is a list of books of extraordinary educational and rigor quality I had the chance to have 
in my hands and that I strongly recommend the acquisition. I've read many others (more than 
a hundred!) but these latter are so bad they do not need to be mentioned. 

The reader will understand that I recommend strongly to complete the reading of this e-book 
(non-exhaustive about MATLAB) by the book-list below. 




Opera Magistris / ~5'576 pages / Editions Sciences.ch / Vincent 
ISOZ/3 rd edition 
ISBN: 978283999327 


Essentials MATLAB for Engineers and Scientists / 427 pages / 
ELSEVIER Editions / Brian HAHN & Dan VALENTINE 
ISBN: 9780123748836 




8836 

.V > 


MATLAB a practical introduction to programming and problem 
solving / 524 pages / ELSEVIER Editions / Stormy ATTAW AY 
ISBN: 9780123850812 


f-tiff r k UMU1 


is 


Introduction to MATLAB for Engineers / 577 pages / McGraw-Hill 
Editions / William J. PALM III 
ISBN: 9780073534879 


Numerical Methods with Chemical Engineering Applications / 
419 pages / McGraw-Hill Editions / Kamal I. M. AL-MALAH 
ISBN: 9780071831291 
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Stochastic simulations and applications in finance with MATLAB 
programs / 356 pages / Wiley Finance Edition / Huu Tue HUYNH, 
Van SON LAI, Issouf SOUMARE 

ISBN: 9780470725382 



Financial Instruments Toolbox / 2347 pages / MathWorks Edition / 
ISBN: - 
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MATLAB Evolution 

MATLAB was programmed by Cleve Moler as an interface for EISPACK & LINPACK. 



• 1957: Moler goes to Caltech. Studies numerical Analysis 

• 1961: Goes to Stanford. Works with G. Forsythe on Laplacian eigenvalues. 

• 1977: 1st edition of MATLAB; 2000 lines of Fortran 80 functions (now more than 
8'000 functions) 

• 1979: Met with Jack Little in Stanford. Started working on porting it to C 

• 1984: The MathWorks Inc. is founded 
Below is a screen shot from MATLAB 3.13: 
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Here's a screen shot of MATLAB 4.2c (1994): 


E2 


JAATIAB Command Window 


File Edit Options Windows Help 

»a= [123456789]; 
» a([1 11111111]) 

ans = 

12 3 4 

» at[1 1 1]) 
ans = 

111 


aJ 


Here's a screenshot from MATLAB 5.1 in 1997: 





J 

jU 
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A screenshot from MATLAB 6.5 in 2002: 



File Edit Debug Desktop Window Help 


D ^ A c* 1$ Qf 1E3 it Current Directory: \W1athworks\devel\archivelR2006a\perfectVnatlab 


£) 


Shortcuts 0 How to Add 0 What's New 0 Beginner Trial M 


0 Advanced Trial Mode 


Current Directory - ...R2006a\perfect\niatlab * x 


£) Cf & (^ ' 


d) bat 
C^» bin 
d)CVS 
d) demos 
d)doc 
d) doxygen 
d)etc 
id) extern 
d) freeware 
d) help 
d)i 18 n 
d) install 
d) internaldoc 

pja 

IIHH 


Current Directory^ Workspace 


| Figures - Figure 1 


* ffl v ' 


^Editor - \\Mathworks\devel\archive\R200... ?■ x 



Command Flistory 


r = importdata(' results.txt 1 ) 

|r(114) 

commandUsage([matlabroot 1 \toolbox' 
| r = importdata( 1 results.txt 1 ) 

I [ .r(114) 

— 4/11/06 12:36 PH —% 

-demos 

4/11/06 4:01 PM —% 

[surf(L) 

|cd(matlabroot) 

\ clc 

i l*2 

surf(L) 

,<J mi I > 


Command Window 


-2.7804 

-3.9734 

-5.0512 

-6.0069 

-6.8351 

-7.5326 

-8.0977 

-8.5304 

-8.8325 

-9.0072 

-9.059 


0 0 


-6.9398 

-7.9293 

-8.8032 

-9.5552 

-10.181 

-10.677 

-11.042 

-11.278 

-11.387 

-11.371 

-11.238 


□ & m | * na, [ 


® *8(8 48! i « %* O. 


(Q This file uses Cell Mode. For information, see the rapid code it' X 


%% Logo 

% Plot the L-shaped membrane logo 

% Copyright 1984-2005 The MathWor) 
% {Revision: 5.19.4.5.8.1 $ $Dat< 

L = 40*membrane(1,25); 

logoFig = figure(' Color [0 00]). 
logoax = axes( 'CameraPosition' , [- 
1 CameraTarget' ,[26 26 10], .. 

'CameraUpVector 1 ,[0 01], ... 

'CameraViewAngle' ,9.5, ... 

1 DataAspectRatio 1 , [1 1 .9],. ‘ 
> 


- 11.1 
-11.879 
-12.542 
-13.083 
-13.498 
-13.786 
-13.946 
-13.98 
-13.889 
-13.679 
-13.355 


» surf(L) 

>> I 


Start 
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MATLAB 8 in 2012: 


•fc tal . .. s ul 


=|QJ*I 


5-esrch Ctcum-rtatrsn 


& □ y ^ a lsi * . 

w, <**, S.v. ^ CCWO ' * COmntn! & M U VlficT.- 

•» - • C? Pnrt ▼ Sr^erit rQ S<v ^* ,d 

Hit tiaT r B**a» j- rnjH 

a *3 u 


3rMvpc-ott Rtn Bun and Run and Advance 
* » Ter* A <K*-C4 


► H: ► Documents ► MATLAE ► De-ios ► Erwg^orecast » 


Current Folder 


t. florOntome* 
i» h trrt 

(V; Thumbs, db 
enervfOJU.ft 

^*1 energyGlC.m 


1 7 >P* 


© 


3 


F*eF<*J* 
R*Fch)* 

Oats 649ft Fie 
Figure 

MATLAB Fu... 
**S estrrateSogeDoym MATLAB F\j... 
£*) rr,yCreattef»gire.m MATLAB Fu... 
Q wyCtt^tm MATLAB Fu... 

0 p«C2.m MATLAB Fu... 

‘’ll ptoSsttmate.r* MATLAB Fu... 

EnergyF orecastAn... MATLAB 5c... 
fj rr.>«rtpt_tefnc3late.si MATLAB Sc... 

Pr«*nterScrtptJn MATLAB 5c... 
«S] DefwSetuc»9^.»tMoro«>ft P... 

Fedaerv.xfc MorOiOFtE... 
a§] January.** MoosoftE-.. 


0 Editor - H:\DocufTvcnt«\MATLAB\Dcmo*\CneMjyFofecost\EnerqryForecastAnalyiK.m © x 


1 

2 

3 

4 

5 

6 
7 
e 

9 

10 

11 

12 

13 

14 

15 - 

16 
17 - 
IB - 

19 - 

20 - 
21 

<1 


md analysis (heavy 
tlstoricdl data. We ha I 
month of January, mejj 


%% Energy Forecasting 

% This deso showcases visualization and 
% forecasting energy usage based on hist 
% hour-by-hour utility usage for the month 
l information on the day of the week and the Heating Degr 
% as 65 annus Average Temperature) of each day. Using this 
% will cose up with an algorithm for forecasting future er 
% or. parameters such aa day-type, forecasted temperature, 

% Copyright 2007 The KathMcrJcs, Inc. 


%% Load Data 

* Load data from excel worksheet 
clcse all; 

fileNarr* * • January. xla’j 

energyDaca - xlsreadfflleName, ‘Liabilit 

DayType - xlsread (filename, ’‘.tether' 

HDD • xlsread ifileName, ‘Weather* 


’ 92 :AA32 ’) ; 

' 32 : 1132 • ) ; 

*C2:CS2' ); *He 


Partijn® >: | Energy 0 feca$tAna.^s*s.m x"j 


iT 1 


Command Window 

sysIoadCI - 

48.0622 

51.9493 

Correlatichs between HDD and ether variables: 

mean medlar. mn max range 

corn 0.5720 0.4125 0.6350 0.7606 0.4835 

p-val: 0.0008 0.0211 0.0001 0.0000 0.00S5 

» edit EnergyForecastAnalysis.s 

A» 


© 


at dev 
0.3B02 
0.0349 


" p 

Workspace 

© 

fia-e 

(value 

Jj DayType 

<3lxl do 

_0k» 

<3lxldo 

U* 

<7x?doo 

Jj a 

<7X7dou 

Uj at3avs 

<tx7oefi: 

Hr; a^erageDayfrofte 

<1x24 do 

jjj averageVonth 

<31x24 d 

3lcO 

<2x24 do 

ilefi 

<2x31 do 

ijdat 

<7x24 do 

*g davOMeftk 

Vonday' 

33 e^fi/Data 

<31x24 6 

i 1_i 



Command History 


© 


0 I” 7/31/2012 1:33 PH 

Zr.ergyForecastAr.alyj 

edit Fr.ergyForetaat* 




Okk and dag to rcw.e Ed*ttr.. 
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MATLAB core (without Toolbox) 

This chapter is dedicated to all MATLAB topics that don't require any installed Toolboxes! 

First thing you must know!: When you install MATLAB on a x64 O.S. then it will 
automatically install the x64 version of MATLAB. Same behavior if you are on a x86 system. 

New main core features (to be complete) 

Note that all changes are not documented here! Please refer to the official release notes for a 
full list. 

http://www.MathWorks.ch/ch/help/matlab/release-notes-older.html 

MATLAB 2014b (8.4) 

• Nouveau rendu des graphiques 

• Nouveau type de variables pour les dates et heures 

• Support des fuseaux horaires pour les variables de dates 

• Controle de l'angle des etiquettes des axes 

• Titre des graphiques en gras par defaut 

• Nouvelle syntaxe objet pour definir les proprietes des elements de graphiques 

• Modification automatique des echelles de dates lors des zoom sur les graphiques 

• Creation de figures a onglets avec les commandes uitabgroup et uitab (commandes 
anciennes mais maintenant officialisees) 

• Nouvelles commandes morebin, fewerbins pour changer les bins en live sur des 
histogrammes 

• Nouveaux categorical arrays (colonnes a facteurs) avec la commande categorical 

• Creation de Toolbox (ensemble de docs, de plusieurs apps, etc.) 

MATLAB 2014a (8.3) 

• Core: Pop-up Command History for recalling, viewing, filtering, and searching 
recently used commands in the Command Window 

• Create your own icons when compiling a MATLAB app 

MATLAB 2013b (8.2) 

• You can now package a custom icon in an app that you create 

MATLAB 2013a (8.1) 

• New functions strsplit 

• Option to add separators between controls on the quick access toolbar 

• Additional icon choices, auto-scaled thumbnails, and text-formatting options for 
customizing descriptions of MATLAB apps 
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MATLAB 2012b (8.0) 

• Toolstrip that replaces menus and toolbars in MATLAB Desktop 

• Apps gallery that presents apps from the MATLAB product family 

• Suggested corrections for mistyped functions and variables in the Command Window 

• Data import from delimited and fixed-width text files using Import Tool 

• Single-file application packaging as a MATLAB App Installer file for inclusion in the 
apps gallery 


MATLAB 2012a (7.14) 


• New functions: integral, integral2, and integraU 

• Transpose and Sort Variables in the Variable Editor 

• xlsread Reads XLSX Files on All Platforms 

• VideoWriter replace all instances of avifile 

• whatsnew won't work anymore and will not be replaced 


MATLAB 2011b (7.14) 
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• Removed function: bessel 

• Error messages for each function now provide a link to that function's documentation. 

• Under certain conditions, as you rename a variable or function, a tooltip opens. The 
tooltip indicates that MATLAB can rename all instances of the function or variable in 
the current file. 

• The new Spreadsheet Import Tool allows you to select ranges of data and define rules 
for handling nonnumeric values 

MATLAB 2011a (7.12) 

• Renaming Files and Folders in the Current Folder Browser Now Reflected in the 
Editor 


MATLAB 2010b (7.11) 


• The following functions are now deprecated (but still work): isstr, str2mat, strread, 
textread. 

• We can now customize the date format that the Current Folder browser and the 
Command History window use to display dates 

• New functions isrow, iscolumn, and ismatrix 

• The new VideoWriter function allows you to create AVI files on all platforms. As an 
improvement over the avifile function, VideoWriter can create files larger than 2 GB. 

• For consistency with the new VideoWriter class, the mmreader class is now called 
VideoReader. 

• Replace all existing instances of wavplay with audioplayer function. 

MATLAB 2010a (7.10/2010) 

• Create zip file from Current Folder panel by right click on selected files 
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• You can now remove folders from the MATLAB path directly from the Current 
Folder panel by right click and selecting Remove path 

• Tab completion for local variable and subfunctions names while typing scripts 

MATLAB 2009b (7.9/2009) 

• Start MATLAB using -nodisplay (UNIX) or -noFigureWindows (Microsoft Windows) 
is depreciated. Use -nodesktop instead. 

• During a search in the Help Aa preview of where the search words were found within 
the page are highlighted. 

• In the Current Folder you can use the expandable tree structure to view the contents of 
the current folder. Display the file type in a column. 

• At the bottom of the Current Folder there is a small "details" that will give you some 
information about selected MATLAB files. 

• You have now a search tool in the address bar to found a file 

• MATLAB now supports PDF as the output format for publishing MATLAB code 
files. 

• This version of MATLAB introduces a new usage for the tilde (~) operator. You can 
also use the tilde operator to specify unused outputs in a function call, or unused 
inputs in a function definition. This new syntax can help you avoid confusion in your 
program code and unnecessary clutter in your workspace. 

• In previous releases, the Import Wizard imported only the first populated worksheet in 
an Excel file. The Import Wizard now allows you to specify the worksheet to import. 

• New Plot Selector workspace tool that creates graphs of workspace variables 

MATLAB 2009a (7.9/2009) 

• Many M-Lint Messages Now Extend to Provide an Explanation and Suggested Action 

• If you have installed Excel 2007 (or Excel 2003 with the Compatibility Pack) on your 
Windows system, the xlswrite function exports data to XLSX, XLSB, and XLSM 
formats 

• Dynamic Links in Published Documents 

MATLAB 2008b (7.8/2009) 

• New functions: clearvars, memory 

• There is a new desktop layout when you select Desktop > Desktop Layout > Default 

• New function browser (Microsoft Excel like...) tool 

• View syntax hints while entering statements 

• Workspace Browser Toolbar is now configurable 

• The new function randi returns random integers from a uniform discrete distribution 

MATLAB 2008a (7.6/2008) 

• On Microsoft Windows platforms, when MATLAB starts, it automatically adds the 
My Documents/MATLAB directory (or Documents/MATLAB on Windows Vista™) 
to the top of the MATLAB search path 

• Customize the MATLAB desktop and possibility to customize toolbars 


MATLAB 


36/1357 



Vincent ISOZ, Daname KOLANI 


Sciences.ch 


• Array Editor renamed to Variable Editor 

• The MATLAB stand-alone editor (meditor.exe) is no longer provided. Instead of the 
stand-alone editor, you can use the MATLAB Editor 

• Specify publishing settings, such as an output directory and file format, that you can 
save and reuse as a group 

• New Data brushing tool 

• With the new clearvars function, you can specify which variables you do not want 
cleared from memory 

MATLAB 2007b (7.5/2007) 

• You can now change the MATLAB startup directory on Microsoft Windows platforms 
using the standard shortcut Start in field. 

• New desktop layout: All but Command Window minimized 

• Code folding feature for collapsing and expanding code 

• With the maxNumCompThreads function, you can either set the maximum number of 
computational threads to a specific number, or indicate that you want the setting to be 
done automatically by MATLAB 

• P-code files built with MATLAB 7.5 only work on 7.5 or later. They cannot be used 
with MATLAB 7.4 or earlier versions. 

• When you save a figure, all datatips existing in it are saved along with other 
annotations. 

MATLAB 2007a (7.4/2007) 

• Introduction of MATLAB for Macintosh (Intel) 

• Double-Clicking associated file type in Explorer now opens file in existing session of 
MATLAB Software 

• Minimize, temporarily Display, and Restore panels in the desktop 

• For some types of warnings or errors, M-Lint can apply an automatic fix to the code 

• You can now publish an M-file function. When publishing an M-file function, you 
cannot evaluate the code. This feature effectively allows you to save M-file functions 
to output formats such as HTML or Microsoft Word documents, with formatting 

MATLAB 2006b (7.3/2006) 

• Introduction of MATLAB for Windows 64-bit 

• The Workspace browser includes new columns that automatically display results of 
common statistical calculations: Minimum, Maximum, Range, Mean, Median, Mode, 
Variance, and Standard Deviation. 

• Use the new File Comparisons tool to highlight the differences between two files 

• The beta function, when used with 3 inputs won't work anymore 

• The gamma function, when used with 2 inputs won't work anymore 

• When using whos there is a new column in the output called Attributes that identifies 
values that are sparse, complex, global, or persistent. 

• When using whos the words "array" and "object" have been dropped from items under 
the Class heading. Items formerly listed as double array or timer object, for example, 
are now displayed as double, and timer. 
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• When using whos MATLAB no longer includes summary information showing the 
"Grand total" of elements and bytes at the bottom of the whos output display. 

• There is an additional field in the structure returned by whos. This new field is 
'persistent' and is set to logical 1 for those variables that are persistent, or logical 0 
otherwise. 

• Using the new first option with the unique function returns a vector with elements that 
represent the lowest indices of unique elements in the input vector. 

• Save Compression and Unicode Options Removed. Instead, save now creates a MAT- 
file with compression and Unicode character encoding by default. 

• The function definition line in a function M-file no longer requires commas separating 
output variables. 

• Printing MATLAB figures has become easier as a result of combining the Page Setup, 
Print Setup, and Print Preview dialogs into one tabbed Print Preview dialog. 

• If your mouse has a center scroll wheel, you can use it to zoom in and out of axes on 
charts, as well as by clicking and/or dragging 

• Data Cursor text can now be programmatically modified 

MATLAB R14SP3 (7.1/2005) 

• The behavior of MATLAB software when started on Microsoft Windows platforms 
with the -nodesktop option has changed. The MATLAB Command Window no longer 
displays a menu bar or toolbar 

• The Editor/Debugger now supports a horizontal or vertical split screen for displaying 
two different parts of the same document at once. 

• You can set a preference to highlight the current line, that is, the line with the caret 

• New function hypot for the square root of sum of squares 

• New function mod to find the most frequent values in sample 

• The rand function supports Mersenne-Twister algorithm 

• The datestr, datenum, and datevec functions now support time specification in 
milliseconds 

MATLAB R14SP2 (7.0.4/2005) 

• The Installer honors the default installation folder for Windows software, which on 
most machines is Program Files. 

• Go directly to a subfunction or nested function within an M-file using the enhanced 
Go To dialog box 

• In MATLAB versions prior to R14, date values read into MATLAB from an Excel 
spreadsheet using xlsread were always imported as numeric date values. The R14 and 
later releases of MATLAB import dates in the format in which they were stored in the 
Excel file. Dates stored in string or date format are now imported as strings by xlsread. 
Dates stored in numeric format are imported as numeric date values. 

• You can display MATLAB output using two new formats: short eng and long eng. 

• The imwrite function now supports exporting image data in Graphics Interchange 
Format (GIF) 
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MATLAB R14SP1 (7.0.1/2004) 

• Nothing new interesting in my point of view... 

MATLAB R14 (7.0/2004) 

• A 64-bit version of MATLAB is now available for Linux platforms based on AMD64 
and Intel EM64T processors. A 64-bit processor provides a very large amount of 
available memory, up to 2 64 bytes = 18,446,744,073,709,552, 000 bytes (16 exabytes), 
enabling you to store a very large amount of information. 

• The largest contiguous block of memory under Windows XP to approximately 1.5 
GB, equivalent to 180 million double precision values 

• New functions: addtodate, intmax, intmin, isfloat, isinteger, isscalar, ,isvector, 
recycle, restoredefaultpath, strtrim, textscan, xlswrite, isstrprop 

• New feature('memstats') to see avalaible memory on the system 

• Now MATLAB is case-sensitivity in functios and directory names for MS Windows 
and UNIX (was only case sensitive on UNIX before). 

• Anonymous functions give you a quick means of creating simple functions without 
having to create M-files each time. You can construct an anonymous function either at 
the MATLAB command line or from within another function or script. 

• When converting between serial date numbers, date vectors, and date strings with the 
datenum, datevec, and datestr functions, you can specify a format for the date string 

• You can now specify the range to import with xlsread 

• MATLAB now includes a function, named mmfileinfo, that returns information about 
the contents of a multimedia file. The file can contain audio data, video data, or both 

• From within MATLAB, you can connect to an FTP server to perform remote file 
operations. 

• MATLAB can now consume Simple Object Access Protocol-based (SOAP) Web 
services with the createClassFromWSDL function. 

MATLAB R13 (6.5/2000) 

• MathWorks products in Release 13 no longer support Microsoft Windows 95. 

• This r eleas e introduces the Profiler, a new graphical user interface for assessing the 
performance of your M-files so you can make performance improvements 

• Display of line number, column number, and current function in the Editor 

• Colormap editor enables interactive colormap editing 

• New text properties provide control over the text background 

• Redesigned property editor accesses graphics properties with interactive editor 

MATLAB RIO (5.2/1998) 

• New MATLAB language functions, implementing features such as try/catch error 
handling 

• Support for two new ActiveX technologies: ActiveX control containment and ActiveX 
Automation client capabilities, so that now MATLAB can both control and be 
controlled by other ActiveX components 
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• Support for OpenGL rendering to improve performance dramatically for many 
visualization application 

• Enhanced visualization features, including enhanced camera control, simplified 
placement of Light objects, tighter and more consistent control of graphics object 
hiding. 

MATLAB R9 (5.1/1997) 

• New scatter plot functions 

MATLAB R8 (5.0/1996) 

• Can't use logical (binary) vector anymore to subselect a vector or matrix 

• Integrated M-file editor 

• Visual M-file debugger 

• M-file performance profiler 

• Search path browser/editor 

• Workspace browser 

• Web-based online Help Desk/documentation viewer 

• GUI builder 

• New multidimensional arrays 

• New User-definable data structures 

• New cell arrays: multitype data arrays 

• New Character arrays: two bytes per character 

• Switch/Case statements 

• Import/Export images functionality 

• Greeks symbols available in charts 

• Dual axis plots 

• Three dimensional quiver, ribbon and stem plots 

• Pie charts and 3D bar charts 

• Extended curve make symbol family 
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CiteMATLAB 

To cite MATLAB (and in this case a toolbox) you can use this: 

MATLAB and Statistics Toolbox Release 2012b, The MathWorks, Inc., Natick, Massachusetts, 
United States. 

User Interface 

The goal of this chapter is to learn the basic of MATLAB without using any Toolboxes! 

To open MATLAB without the GUI in the MS Windows command prompt type the 
following: 



You will get the following old style robust scientific (UNIX like) interface: 



If you run MATLAB by the standard way you will first get the splash screen during a few 
seconds (here MATLAB 2013a splash screen): 
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R2013a 

R2013a (8.1.0.604) 
32-bit (Win32) 

February 15^ 2013 
License Number: 724504 



MATLAB 


Copyright 1834-2013. The MathWorics, Inc. Protected by U.S. end intemetionel 
patents. See www.methworics.com/petents. MATLAB end Simulink ere registered 
tredemerics of The MethWorics, Inc. See www.methworics.comAredemerics for e 
list of edditionel tredemerics. Other product or brend nemes mey be tredemerics or 
registered tredemerics of their respective holder. 

V MathWorks* 


And after you will see the MATLAB GUI open: 
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•.) MATLAB R2013a 
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Script 
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; ;j/JCtear Commands w 

CODE 

Ubrary 

saauuNk 
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Admrcstrateur > FVs documents ► MATLAB 




Current Folder 
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Details 
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Command Window 

H 


Workspace 
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You can minimize the ribbons like in Microsoft Office by double clicking on the registrer or 
by makin a right click: 
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MATLAB R2013a 


HOME 



0 * J 

IB 

U^l Find Files . v " . 1 

New New 

Open 

[jjj Compare Import Sa\ 

Script ▼ 

FILE 

Data Works 


The result will be: 


HOME PLOTS APRS 


<=> • [t] g) ► C: 

► Documents and Settings ► Administ 

Current Folder 



Command Window 

Name 

Size 


h » 1 

ii 


i 


You can also change the position of the Quick Access Toolbar: 


[ifli ^ , 

Pi 1 Search Documentation 

p 

H 


Remove from Quick Access Toolbar 

Show Label 

T 

[jp| 

| ^ Upper Right 

i _ 

® 

Move Toolbar ► 

Customize... 


jT~ 1 



As you can see MATLAB has a Path browser toolbar: 
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IKr 3 k lS |^j ► C: ► Documents and Settings ► Administrates ► Mes documents ► 1 

Current Folder 

® 


Command Window 

|Name L 

5ize 


h 

»l 

El i Downloads 

1+ (£) Ma musique 
m (£)MATLAB 
+1 (£) Mes images 

El (£) Mes videos 

E l Mon bloc-notes 

E 1 My 5A5 Files 






With a right click you can move it into the Current Folder Panel: 
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Like in Microsoft Office you can move you favorites buttons to the Quick Access Toolbar by 
right click and selecting Add to Quick Access Toolbar: 


HOME 
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Script ^ » 

FILE 


C3 Find Files 


A 


^ New Variable 
/ Open Variable ^ 


j Compare Import Save 

Data Workspace \jt£ Clear Workspace 
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VARIABLE 


Restore Toolstrip 
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You can also like in Microsoft Office customize the Quick Access Toolbar: 


HC 

>ME PLOT 

GU (mi 

A M i vs J 

Current Folder 

<? lS 5) « M... 


Name 


Remove from Quick Access Toolbar 
Show Label 

Move Toolbar ► 


And you will get a windows that looks very similar to the Microsoft Office one: 
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Through the Current Folder panel you can if you wish to compare two script files when you 
click on the small arrow on the top right corner: 


Current Folder 


rnmm II Winrlnui 


~|~Name L _ | Size 

Genetic Algorithms... 1 KB 
* PointsLagrange.m 1 KB 


New Folder 


New File 

► 

Reports 

► 

Compare 

Find Fildi^ 

Ctrl+Maj+F 

5how 

► 

Sort By 

► 

Group By 

► 

■+- Minimize 


□ Maximize 

Ctrl+Maj+M 

F Undock 

Ctrl+Maj+U 

X Close 

Ctrl+W 


Details 

Ready 


If you click on the small arrow of the top right comer of the Command Window you can 
Find... (search) previous type commands. This is very useful!: 
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Command Window ® 

| Workspace 

fx » 

Clear Command Window 


Select All 

Ctrl+A 


Find... ^ 

Ctrl+F 


*5 

Print... 

Page Setup... 

Ctrl+P 


-+■ Minimize 

□ Maximize 

? Undock 

Ctrl+Maj+M 

Ctrl+Maj+U 


You will get the following famous dialog box on you screen where 
keywords to search a previous typed command: 


some 


Find what: 


Look in: Command History 


u 

u 




Through the Workspace Panel small icon you can also create new script files (most people 
use instead Ctrl+N for this purpose): 


Workspace 



Save 

Ctrl+S 


Clear Workspace 



Refresh 

F5 


Choose Columns 


► 

Sort By 


► 

Paste 

Ctrl+V 


Select All 

Ctrl+A 



Command Hisl 

E-%— 31.d| 
clear 
clc 


Print... 

Page Setup. 


Ctrl+P 


-+■ Minimize 
□ Maximize 
? Undock 
X Close 


Ctrl+Maj+M 

Ctrl+Maj+U 

Ctrl+W 


In the Command History Panel you can clear the history if you wish to: 
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Comma 




Clear Command History 


Select All 

Find... 

Ctrl+A 

Ctrl+F 

Print... 

Ctrl+P 

Page Setup... 


-+■ Minimize 

□ Maximize 

Ctrl+Maj+M 

F Undock 

Ctrl+Maj+U 

■ X Close 

Ctrl+W 


You can also choose between different presentation layout of the 
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- 
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Help 

T 
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ffl Isoz Layout 
Save Layout... 

Organize Layouts... 

Command History 
Current Folder 
Workspace 
Panel Titles 
Shortcuts Tab 
Toolstrip 

Quick Access Toolbar 
Current Folder Toolbar 


Here below you have for example the Command Window Only layout visible: 
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And here the History and Command Window layout: 
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Or the All but Command Window minimized: 


* MATLAB R2013a 
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You can also save you customized layout because you can drag & drop the panels with the 
mouse. For this click on Save Layout...: 



io) Preferences ^ommur 

,j Set Path $ Reques 

Help 

^ Parallel » » Add-On 


SELECT LAYOUT 


i_i Default 

PI Cormrmand Window Only 
m History and Command Window 
PI All but Command Window Minimized 
ffl Isoz Layout 
Save Layout.. 

Organize Layouts... 


The software will ask you to give a name for the layout: 
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Once saved you will see your layout in the Layout list: 
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If you click on Organize Layouts... you will have the possibility to rename or remove one of 
the Layout you have created: 



■*, Organize Layouts 




Rename 


5aved Layouts: 


Isoz Layout 


Delete 



Close 


MATLAB has a hidden tab (register) that allows you to create your own shortcuts to activate 
it click on Shortcut Tab in the Layout button: 


MATLAB 


50/1357 






























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


j Preferences ^ 

£5 Set Path 
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✓ Workspace 
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Then you will see a new tab as following: 






SHORTCUTS 


IS New Shortcut 
^ Organize Shortcuts 
© Quick Access 
MIAN AGE 


To create a new shortcut just click on New Shortcut...: 
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and type the informations you want and click Save. Then you will get: 
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Use Help 

Using the help in MATLAB is very important because there is more than 8'000 functions and 
you can't remember and now everything. 

To open the classic help window use the command helpwin: 


MATLAB Command Window 

i 

imp 

|» helpwin 



T3 

^ Web Browser - MATLAB File Help: Default Topics d® | 

3 


| MATLAB File Help: D... x + 

a m □ □ 
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| MATLAB File Help: Default Topics 


j MATLAB File Help: Default Topics 

Default Topics 

4 


j HELP topics: 




Mes documents\ MATLAB 

- (No table of contents file) 



! matlabhdlcoder\matlabhdlcoder - (No table of contents file) 



1 matlabxl\mat labxl 

- MATLAB Builder EX 



j matlab\demos 

- Examples. 



! matlab\graphsd 

- Two dimensional graphs. 



1 matlab\graph3d 

- Three dimensional graphs. 



; matlab\graphics 

- Handle Graphics. 



I matlab\plottools 

- Graphical plot editing tools 



! matlab\scribe 

- Annotation and Plot Editing. 



j matlab\specgraph 

- Specialized graphs. 



j matlab\uitools 

- Graphical user interface componen 



toolbox\local 

- General preferences and configure 



1 matlab\optimfun 

- Optimization and root finding. 



; matlab\codetools 

:. .wi ±-. .. 1 . i=j.T.-ju A .. it! 1=1. t . 1=1. ir. i x » * . 

- Commands for creating and debuggi 
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J 
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And if you click on one of the subjects you will get something like this: 



ST Web Browser - MATLAB File Help: matlab\graph3d 

BHEJ 

MATLAB File Help: m... x 
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(14 Location: | MATLAB File Help: matlab\graph3d 


MATLAB File Help: matlabxjraph3d 

matlab\graph3d 

Three dimensional graphs. 
Elementary 3-D plots. 


Default Topics 


plot3 
mesh 
surf 
f ill3 


- Plot lines and points in 3-D 

- 3-D mesh surface. 

- 3-D colored surface. 

- Filled 3-D polygons. 


space. 


Color control, 
colormap 
caxis 
shading 
hidden 
brighten 
colordef 


Color look-up table. 
Pseudocolor axis scaling. 

Color shading mode. 

Mesh hidden line removal mode. 
Brighten or darken color map. 
Set color defaults. 


J 


A 


MATLAB 


53/1357 


























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


And if you click once again on one of the sub-subjects you will get something like this: 







\ 


In reality the best way to gi 


help 


to use the command help: 


quid 
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And if you don't know the name of what you are looking for you can use the commande 

lookfor: 


MATLAB Command Window 


» lookfor 'fast fourier transform'! 


BETH 


» lookfor 'poincare transform'! 


fi_radix2fft demo 
instdfft 
nstdfft 


poincare transform not found. 

Jftj 


lookfor 


qfft 

cgtradeofftblnode 

fftdemo 

sunspots 

difftemplate 

detrend 

fft 

fft2 

fftn 

fftshift 

fftw 

ifft 

ifft2 

ifftn 

ifftshift 

interpft 

msfunpsd 

msfuntf 

daqdocfft 

demoaicontinuousfft 

demoaifft 

paralleldemogpufft 

<J 


Conuert fast fourier Transform (ffT) to fixed Point 
Inverse non-standard 1-D fast fourier transform. 
Non-standard 1-D fast fourier transform. 


Constructor for quantized ffT object, 
construct a cgtradeofftblnode object 
ffT for Spectral Analysis 
Using ffT 

Returns an HTML template for displaying reports 

Remove a linear trend from a vector, usually for ffT proces: 

Discrete fourier transform. 

Two-dimensional discrete fourier Transform. 

N-dimensional discrete fourier Transform. 

Shift zero-frequency component to center of spectrum. 
Interface to ffTU library run-time algorithm tuning control 
Inverse discrete fourier transform. 

Two-dimensional inverse discrete fourier transform. 
N-dimensional inverse discrete fourier transform. 

Inverse ffT shift. 

1-D interpolation using ffT method. 

an MATLAB S-function which performs spectral analysis using 
an MATLAB S-function which performs transfer function analy: 
[f,MAG]=DAQDOCffT(X,fS,BLOCKSIZE) calculates the ffT of X 
This function calculates the ffT of the data, updates the p 
FFT display of an incoming analog input signal. 

Using FFT on the GPU for Spectral Analysis 

I H 


Edit a native function source code (if available) 


The source code of some MATLAB functions are available. In some cases this is especially 
useful so you can made modifications to perform or adapt the existing script to your needs 
(practice to use only in case of emergency solution!): 
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FILE 


EDIT 


NAVIGATE BREAKPOINTS 


RUN 


| polyfit.m* X 


1 

2 

3 

4 - 

5 - 

6 - 
7 

3 - 
9 - 
10 

11 - 
12 - 

13 - 

14 - 

15 

16 

17 - 
13 - 

19 - 

20 - 
21 
22 

23 - 


function [p,S,mu] = polyfit(x,y,n) 


if -isequal[size[x)^sise[y) ) 

error(message( 1 MATLAB:polyfit:XYSiseMismatch 1 )) 

end 

x = x ( : ) ; 

y = y (=); 

if nargout > 2 

mu = [mean(x); std(x)]; 
x = (x - mu (1) )/mu (2 ) ; 

end 

% Construct Vandermonde matrix. 

V(:,n+1) = ones(length(x ) f 1,class(x)); 

Ep for j = n: -1: 1 

V(:, j) = x.*V(s, j+D ; 

end 

% Solve least squares problem. 

[G,R] = qr (V,0) ; 
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Most asked user preferences 

Here we would like to show you only a few MATLAB preferences (system settings) asked by 
large number of practitioners. 

The first setting is how to change the font in the Command Window, Command History and 
Editor. 

First you go in the tab Home and you click on Preferences: 




And when the properties windows opens select the Fonts section and change what you want 
the way you want: 


If you want to select a special font apart for the Editor you have to click on the Custom 
section inside of Fonts as you can see below: 
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Another annoying point in MATLAB editor for a lot of people is the default display of the 
Command Window. By default format are short and the numeric display is loose but you can 
change this to more accurate and optimal choices: 




Preferences 




[■■■ Source Control 
Java Heap Memory 

- Keyboard 

L Shortcuts 

- Fonts 

Custom 
|j| Colors 

Code Analyzer 
Toolbars 


Command Window 



Command Window Preferences 



Display 
I - Wrap lines 

Set matrix display width to eighty columns 
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General commands 

Here we will just take a look to some very general MATLAB commands that are a 

must know !! 

Execute system commands 

First if you write ! MATLAB from the old style Command Window you will see the full 
MATLAB GUI that will open: 


> MATLAB Command Window 


To get started, type one of these: helpuin, helpdesk, or demo. 
For product information, uisit uuu.mathuorks.com. 

» fmatlab 



You can also close the Command Window or even the MATLAB GUI by typing exit: 


MATLAB Command Window El 
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From the Command Window you can type most MS-DOS commands if you write a 
exclamation mark ! before the standard MS-DOS command: 


MATLAB Command Window 


» ^execute MS-DOS commands 
» fipconfig 

Configuration IP de Windows 


Carte Ethernet Connexion au reseau local 2: 

Statut du media . : Media deconnecte 

Carte Ethernet Connexion au reseau local: 


Suffixe DNS propre a la connexion 

Adresse IP. 

Masque de sous-reseau . 

Passerelle par defaut . 

» tuer 

Microsoft Windows XP [uersion 5.1.2600] 


192.168.131.65 
255.255.255.0 
192.168.131.254 


UJ 


umb 

—z 


wm 


Or reboot the computer: 



MATLAB Command Window 


» system('shutdown /r') 


( 


Ll 


^J2|x| 
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CallR from MATLAB 

With such system commands you can call R software from MATLAB and retrieve results. For 
this purpose first install R: 


Setup - R for Windows 3.1.1 


Select Destination Location 

Where should R for Windows 3.1.1 be installed? 


BBS 


R 


D Setup will install R for Windows 3.1.1 into the following folder. 

To continue, click Next. If you would like to select a different folder, click Browse. 
|jC:\R\R-3. 1.1 | 


Browse... 



At least 1.2 MB of free disk space is required. 



Avoid the usage of spaces in the installation folder! 


tall *.R scr 


One this is done create for example the following small *.R script and take care to save it (for 
this particular example) in the active MATLAB workpath: 


RGui (32-bit) 

[C:\R_Matlab.R 

- R Editor] 

rm 

File Edit Packages Windows 

Help 



iir 

H| 

n 

□ 

m 



Then you can call R from MATLAB simply by using the following command: 
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■ 

| * MATLAB Command Window 

HHDII 


» CurrentDirectory=strrep(pwd,'\','/') B 


CurrentDirectory = 
c:/ 

» eual([ 1 ?C:\R\R-3.1.1\bin/Rscript 1,1 CurrentDirectory 1 /RMatlab.R" 1 ]) 

[i] i 

» 
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Get MATLAB system information 

You can get a small resume of you MATLAB version by typing the command version and 
get the license number by typing the command license: 


MATLAB Command Window 


» version 
ans = 

8.1.0.604 (R2013a) 

» license 
ans = 

— » 
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If you want to know the details of your version and the toolboxes available on your MATLAB 
installation you can use the command ver: 


MATLAB Command Window 




MfiTLAB Version : #.1.0.60* fR2013a> 
MATLAB License NUnber: 

Operating System MicrosoFt Windows 
Jaua Version : jaua with 

XP Version 5.1 (Build 2600: Service Pack 3) 

Sun Hi eposes tens lnc_ Jaua HotSpot( Til) Client Dll nixed node 

riAumr 

Version H.1 

(R20l3a) 

Sinullnk 

version 3,1 

(R20l3a> 

Aerospace Blockset 

version 3.11 

(R2013a) 

Aerospace Toolbox 

Version 2.11 

(R2013a> 

BibiiiFup ndtics Toolbox 

Version 4.3 

(R2Q13a) 

D DominicationS System Toolbox 

Version 5.4 

(R2&136) 

Conputer Uision System Toolbox 

Version 5.2 

(R2H13a) 

Control Sj^sten Toolbox 

Version 9,5 

<R2013a> 

Curue Fitting Toolbox 

Version 3.3_1 

(R2G13a) 

DO Qualification Hit 

Version 2.1 

(R2013a J 

DSl- J System Toolbox 

Version K.n 

(H?0l3a) 

Data Requisition Toolbox 

version 3,3 

(R2t13a) 

Pitabase Toolbox 

version 4.1 

( R2013ii > 

PataFeed Toolbox 

version 4.5 

(R2013*) 

Eoouonetries Toolbox 

version 2.3 

(R2013d> 

Embedded Coder 

Version 6.4 

(R2B136) 

Filter Design HDt Coder 

Version 2.9.3 

(R2013*) 

Financial Instruments Toolbox 

Version 1 .1 

(R2013a1 

Financial Toolbox 

Version 5,1 

(R2G13a) 

Fixed-Point Designer 

Version 4_& 

(R2Ql3a } 

Fuzzy Logic Toolbox 

Version J4-1T 

(R20l3a > 


Li 


When you develop application it is also not only important to get the MATLAB version to 
ensure your script will run well but also the operating system name and language. You can get 
this informations by using the commands getenv('OS') and get(0,'Language'): 


MATLAB Command Window 


» getenu( 1 OS 1 ) 
ans = 

WindowsNT 
» get(0, 1 Language 1 ) 
ans = 
fr ch 






UJ 


J 


Another very important information that you need when you develop commercial information 
is the memory availabe and the biggest possible numeric vector size by using the method 
memory and its MaxPossibleArrayBytes property: 
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MATLAB Command Window 



» memory 

Maximum possible array: 1128 MB (1.182e+09 bytes) * 

Memory available for all arrays: 1449 MB (1.520e+09 bytes) ** 

Memory used by MATLAB: 326 MB (3.417e+08 bytes) 

Physical Memory (RAM): 2199 MB (2.306e+09 bytes) 

Limited by contiguous virtual address space available. 

** Limited by virtual address space available. 

» mem=memory 

mem = 

MaxPossibleArrayBytes: 1_1823e+09 
MemAvailableAllArrays: 1.5197e+09 
MemUsedMATLAB: 341676032 

» max_NumericUectorSize=mem.MaxPossibleArrayBytes/8 

maxNumericUectorSize = 

147791872 




wfi 


There is a command name pack that cannot be used in scripts files but that allows you to 
defragment the memory. In this way you will clean the memory a little bit and increase also a 
little bit the execution time of your scripts: 


MATLAB Command Window 


To get started, type one of these: helpuin, helpdesk, or demo, 
for product information, visit uuu.mathuorks.com. 


A=rand(4000 ); 

B=rand(4000); 
memory 

Maximum possible array: 891 MB 

Memory available for all arrays 
Memory used by MATLAB: 570 MB 

Physical Memory (RAM): 2199 MB 




MB f9. 

; fn 

B (575 


347e+08 bytes) * 

(1.255e+@9 bytes) | ^ 

bytes) 


1197 

775e7 


MB 


(2.306e+89 bytes) 


09 bytesTl 


Limited by contiguous virtual address space available. 
** Limited by virtual address space available. 

» pack 
» memory 

Maximum possible array: 891 MB (9.347e+08 bytes) 

Memory available for all arrays: |1205 MB (1.264e + 

Memory used by MATLAB: 570 MB (5.976e+08 bytes) 

Physical Memory (RAM): 2199 MB (2.306e+09 bytes) 

Limited by contiguous virtual address space available. 
** Limited by virtual address space available. 


bJ 


A 
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There is another way to see memory usage using the command feature('memstats'): 


MATLAB Command Window 






» Feature('memstats') 






T] 

Physical Memory (RAM): 







In Use: 


1152 

MB 

(480ce000) 



Free: 


1046 

MB 

(416ae000) 



Total: 


2199 

MB 

(8977C000) 



Page File (Swap space): 







In Use: 


1464 

MB 

(5b8d9000) 



Free: 


2116 

MB 

(844bb000) 



Total: 


3581 

MB 

(dFd94000) 



Uirtual Memory (Address 

Space): 






In Use: 


598 

MB 

(25687000) 


4 - 

Free: 


1449 

MB 

(5a959000) 



Total: 


2 047 

MB 

(7FFe0000) 



Largest Contiguous Free 

Blocks: 






1. [at 2114000B] 


1134 

MB 

(46ec0000) 



2. [at 68036000] 


127 

MB 

( 7Fca000) 



3. [at 78f98000] 


29 

MB 

( 1d08000) 



4. [at 70590000] 


20 

MB 

( 1400000) 



5. [at 7F7F0000] 


7 

MB 

( 7b3000) 



6. [at 7370000] 


7 

MB 

( 780000) 



7. [at 7638aO00] 


5 

MB 

( 5d6000) 



8. [at 7516e000] 


5 

MB 

( 5a2000) 



9. [at 7be74000] 


5 

MB 

( 51c 000) 



10. [at 741e4000] 


4 

MB 

( 4ac000) 


— 



1348 

MB 

(54405000) 



ans = 







For fun or for technical support with a customer you can run the bench command to 
benchmark your computer performance with typical others systems (this test has been 
developed in association with creator of the old famous LINPACK super calculator megaflop 
test): 


MATLAB Command Window HE! E 


» bench 
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You will get a first chart after a few seconds: 



You will also get a figure with a resume just 




MATLAB Benchmark (times in seconds) 




Computer Type 

LU 

FFT 

ODE 

Sparse 

2-D 

3-D 

Linux (64-bit) 3.47 GHz Intel Xeon 

0.0626 

0.0661 

0.1617 

0.1161 

0.2055 

0.0911 

Windows 7 Enterprise (64-bit) 3.47 GHz Intel Xeon 

0.0701 

0.0719 

0.1094 

0.1297 

0.2784 

0.7044 

Wndows 7 Enterprise (64-bit) 2.7 GHz Intel Core i7 

0.0657 

0.0801 

0.0956 

0.1319 

0.2975 

0.7003 

Mac OS X Lion (64-bit) 2.66 GHz Intel Xeon 

0.0547 

0.1278 

0.2008 

0.1877 

0.6670 

0.6299 

Mac OS X Mountain Lion (64-bit) 2 GHz Intel Core i7 

0.0725 

0.1292 

0.1881 

0.1587 

0.7203 

0.6476 

Wndows 7 Enterprise (64-bit) 2.66 GHz Intel Core 2 
Quad 

0.1239 

0.2333 

0.1561 

0.2822 

0.4819 

0.7390 

Wndows XP (32-bit) 1.66 GHz Intel Core 2 

0.3406 

0.3176 

0.1883 

0.3542 

0.5775 

0.3601 

This machine 

1.7990 

1.0502 

0.5222 

0.7746 

1.7330 

2.4802 


Place the cursor near a computer name for system and version details. Before using 
this data to compare different versions of MATLAB, or to download an updated timing data file, 
see the help for the bench function by typing "help bench" at the MATLAB prompt. 
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and in the Command Windows you will see the above blue line available in the variable ans 
so you can manipulate these information later in your own scripts if you want to warn you 
customer about its low performance computer: 


MATLAB Command Window 


» bench 
ans = 


1-7990 1.0502 0.5222 0.7746 1.7330 2.4802 


“3 


Li 


A 


Remark: If you don't want the plots to appear, just edit the MATLAB script and comment the 
corresponding lines. 

For people that want to reproduce the old 1997 LINPACK test (LINPACK in the name of the 
FORTRAN library for linear algebra) you just need to write in a script the resolution of a 100 
by 100 linear system: 


1 

n=100; 


2 

A=randni 

[n,n) ; 

3 

to=randni 

[n,l) ; 

4 

tic 


5 

x=A\ to; 


6 

t=toc 


7 

itif lops= 1 

[2/3 *n A 3 +2 *n A 2) / t/l.06 


and we get: 


\ 



Command Window 


2.5730e-04 

itiflops = 

2.66330+03 


fx » 


The n A 3 term in the numerator of the last expression is roughly the number of floating point 
additions and multiplications required to compute A\b. The l.e6 term in the denominator 
convers flops to megaflops. 
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Some dates stuff 

Late we will study dates in details but we can also consider that some dates manipulations 
command are very general. This is the case of the date, now and datestr(now) commands 



Sometimes your customer will forget to periodically reboot its servers or computer. To check 
since how many seconds the computer is started you can use the command toc(uint64(l)): 


+1 MATLAB Command Window HBQ 


» %Use the following code to show the time between the last boot 
» toc(uint64(1)); 

Elapsed tine is 4793.467441 seconds. 

» 
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Manage variables 

If you create variables in MATLAB and use the command whos you will have information 
about all variables or only some variables of the current workspace . If you use clear or 
clear all you can remove one or more variables: 


MATLAB Command Window 




mmm\ 

» a=5;b=3; 

» uhos 





a 

Name 

Size 

Bytes 

Class 

Attributes 


a 

1x1 

8 

double 



b 

1x1 

8 

double 



» uhos a 






Name 

Size 

Bytes 

Class 

Attributes 


a 

1x1 

8 

double 



» clear b 
» uhos 






Name 

Size 

Bytes 

Class 

Attributes 


a 

1x1 

8 

double 



» clear all 
» uhos 






» 





jj 

Uj 






Sometimes when running script you want to delete all variables and keep only the final one. 
For this you can use the command clearvars -except: 


MATLAB Command Window 


» 

a=5 ;b=3;c= 

=2; 



» 

whos 





Name 

Size 

Bytes 

Class 


a 

1x1 

8 

double 


b 

1x1 

8 

double 


c 

1x1 

8 

double 

» 

clearuars 

-except c 



» 

whos 





Name 

Size 

Bytes 

Class 


c 

1x1 

8 

double 



Attributes 


Attributes 


LlI ifl 

You can also see the variables workspace windows by typing the command workspace: 


MATLAB 


70/1357 
















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


MATLAB Command Window 


2BM 

3 


» x=3 
x = 


» workspace 

» 


* Workspace 


Name L 

5ize 

Bytes 

r V 

Class 


j=Qx 

lxl 


8 

double 

© 


A 




A 


And if you have complex variables (arrays, cell array, dataset...) you can edit some of them by 
using the command openvar and you will have the variable editor that will open. 


MATLAB Command Window 


WMW 


x=3 


» openuar(' x') 


Variables - k 




HHE3 

PLOTS 

VARIABLE 

VIEW 



l= LT* ^ Open 

T Rows 

n~n 

Li—i_i 

Columns 

n~n 

rm 

Transpose 

New from Print 

Selection ▼ 

- [] 

[] Insert 

Delete 

Sort ▼ 


T 

T 



r 



J 


MATLAB 


71/1357 





















































































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Some Command Window controls 

If you are using the MATLAB GUI by typing the command home you will get back to the top 
of the Command Windows (in the old style Command Windows this will just have the same 
effect as using the command clc that clear all previous written commands): 



If you type commandhistory in the MATLAB GUI this will force the the Command History 
window to appear (the Command History windows shows only the commands that were 
typed in the MATLAB GUI not the commands typed in the old style MATLAB 
Command Window!!!): 



If you want to clear the content of the history without using the mouse but with a simple 
command you will have to use the following command: 
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Command Window 


>> commandhistouy 

>> coni.niathttorks .mlservices . MLCommandHistouySeuvices . uemoveAll 

/*» | 



Com.mathworks.mlservices.MLCommandHistoryServii 




vices.remove All 
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Use the startup.m file 


By default MATLAB has a workspace path where you can put a startup.m file script that will 
run each time you will open the software. You can get this path by typing pwd (we will see 
later how to change it): 



After if you want to create the startup.m file for the first time just use the command edit: 

□nn 


MATLAB Command Window 


» edit startup! 


"3 


UJ 




If the file does not exist, MATLAB will ask you if you want to create it: 


MATLAB Command Window 


Jdxj 


» edit startup 


• MATLAB Editor 




File C:\...s and 5ettings\Administrateur\startup.m does not exist. 
Do you want to create it? 

|” Do not show this prompt again. 




Gui 


a 


Non 




UJ 
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Then the startup.m file will open in the MATLAB Script Editor: 


f Editor - C: - 

..Documents and 5ettings\Administrateur\Mes documents\MATLAB\startup.m 

EDITOR 



PUBLISH 

VIEW 






o ^ 

u 

L^j Find Files 

Insert 

m & s - 



1° "^1 


New Open 

Save 

_ Compare 

Comment 

% 

i^>[j Go To T 

Breakpoints 

■W -r 


V 

^ Print ▼ 

Indent 

E m IL* 



~w 




FILE 



EDIT 

NAVIGATE 

BREAKPOINTS 

| startup.m 

z 



1- disp(' Hello MATLAB World 1 ) 

2 %we change default workspace path on startup] 

3 - cd( 1 C:\Temp 1 ) 



You can type a lot of stuffs in the startup.m file... 

Remember: You can't put the pack command in the startup.m or any other script!!! 

If you save the file and close/reopen MATLAB you will get: 

333 


MATLAB Command Window 




To get started, type one of these: helpwin, helpdesk, or deno. 
For product information, uisit www.mathworks.com. 


Hello MATLAB World 

» 


Uj 


sM 


If you want to change the MATLAB default start directory (sd) you can change the icon 
shortcut with the following options: 


>1 


Executor 


Entrez le norm d'un programme, dossier, document ou d'une 
ressource Internet, et Windows I'ouvrira pour vous. 


Ouvrir : | matlab -nodeskJtop -sd "C:\" 


n 


OK 


Annuler 




Parcourir... 
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In the facts you can create and use any *.m script file following the same process. For 
example if we want to create in the current working path a new file named my Scripts.m we 
will write the following: 


Q Editor - C:\Doc 

uments and 5ettings\Administrateur\My5cripts.m* [ 

SHE 

EDITOR 

[ lib Inl < * 2 ? , 

® T 




L^j Find Files 
ii Compare v 


New Open Save 

t » £=5 Print » 


Insert fx 0] 
Comment % fa tgj 
Indent [j] £|| 

EDIT 


[> 


| Run Section 


NAVIGATE Breakpoints Run 


Run and Run and |_^ Advance 
Time Advance 


BREAKPOINTS 


| MyScri.. 


1 

%**************************** 




2 

%Author: Vincent ISOZ 




3 

^Creation date: 2014-06-01 




4 

%Last modification date: ... 




5 

Wesion: . . . 




6 

%Goal: ... 

■ MATLAB Command Window 

HSE3| 

7 

^Comments: ... 

» edit MyScripts.m 



8 

%■*■*■■*■*■*■■**■■*■*■*■■*■*■*■■**■■*■*■*■■*■*■*■■**■■*■**■■*■* 

» 



9 

1 

,S» 

i ii 

Ln 




10 

%a small commment 




11 

- addition=5+a 








A 





'□ 


And to run it we will just write the script file name: 


Lte the script tile name: 



1 Ln 11 Col 13 ^ 


Q Editor - C:\Doc 

uments and 5ettings\Administrateur\My5cripts.m [ 

IBP 

EDITOR 

[ l_a ia _ . 

® T 


Find Files 
ii Compare ▼ 

New Open Save 

» » [^1 Print t 


Insert fx g] 
Comment % fa 
Indent [g £|| |j^ 
EDIT 


t> fi? 




NAVIGATE Breakpoints Run Run and Run and 
» Time Advance 

BRB 


Run Section 
Advance 


BREAKPOINTS 


| MyScri.. 


f * 

2 %Author: Vincent ISOZ 

3 ^Creation date: 2014-06-01 

4 %Last modification date: ... 

5 %Vesion: ... 

6 %Goal: ... 

7 %Comments: ... 

g % *************************** tr 

9 - a=5 

10 %a small commment 

11 - addition=5+a 


’ MATLAB Command Window 

B-ln|x| 

» MyScripts 


a = 


5 


addition = 


10 


» 

A 



script 


Ln b 
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Use the clipboard 

You can copy with de command clipboard MATLAB information or variables so the user 
will then be able to make a simple paste in its favorite application (you must have you favorite 
application already opened before you launch the coyp command): 



and if we open the Notepad for example and we paste (Ctrl+V) we get: 


Pi Sans titre - Bloc-notes 


Fichier Edition Format Affichage ? 
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Comments and multiple line commands 

Typing comments is very important in any computer language. In MATLAB there are three 
type of comments (we will see them all later): simple line comment that begin with %, simple 
line title comments that begin with %%, and multiple line comments: 

%{ 

}% 
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Many times in MATLAB you will have to type very long command. To cut on command on 
multiple lines just type three dots ... just after a comma or a mathematical operator: 


MATLAB Command Window 


» a=5+3 
a = 

8 


» a=5+3; 

» a=5+... 
3 


8 

» a=5+... 
3; 


Uj 


nmzi 


A 


Save workspace/Use commands diary 

You can save all variables you have created or imported in a binary *.mat file to recover this 
informations later. Using the command save, you will save all the variables of the workspace 
by default in the current working path under the default matlab.mat filename: 


i*. MATLAB Command Window 


□ma 

—3 


» a=5 
a = 

5 

» b=3 

b = 

3 

» save 


Saving to: C:\Documents and Settings\Adninistrateur\natlab.nat 


Uj 




MATLAB 


79/1357 


















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


If you make a clear all and try to access to one of your previous variable, it will be empty but 
if you load the previous matlab.mat file using the load command the variable will be again 
accessible: 


| MATLAB Command Window 


» a 

Undefined function or variable 'a'. 

-3 

» a=10 


a = 


10 


» load 


Loading from: matlab.mat 


» a 


a = 


5 


» 

Hj 

A 


If you want you can ask MATLAB to save in a text file all comands that you type. For this 
you just have use the command diary and specify between bracket the path and filename you 



Then you will get a new file on your hard drive: 



journal.txt 
Document texts 
1 Ko 


The content will looks like following: 
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Arithmetic operations on scalars 

The purpose of this chapter is to have a look to the syntax of very trivial scalar number 
arithmetic operators in MATLAB. 

We first begin with addition, subtraction, multiplication and division: 



There is also another way to add/substract in MATLAB using the functions plus() and 
minus() that is use sometimes by MATLAB users but used a lot when you want to optimize 
matrices addition/subtraction as we will see it later: 
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MATLAB Command Window 


» a=5; 

» a=a+1 


□mzi 


» a=plus(a,1) 
a = 

7 

» a=a-1 
a = 

6 

» a=minus(a,1) 
a = 

S 


III 


id 


Now we take a look to powers and roots (as you can see the square too can be obtained with 
the classical sqrt() function): 



MATLAB Command Window 


» a=3 ;b=2; 
» a A b 

ans = 


» sqrt(b) 
ans = 

1-4142 
» 9*(1/b) 
ans = 


MB 


~B 


UJ 


d 
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Now we take a look the classic absolute, modulo and remaining calculations whose respective 
functions are abs(), mod() and rem(): 


MATLAEt Command Window 


a=-5;b=3; 
» abs(a) 

ans = 


» nod(abs(a),b) 


|n|x| 


» mod(a,b) 
ans = 

1 

» rem(abs(a),b) 
ans = 

2 

» rem(a,b) 
ans = 

-2 


> 



We also have the very classic and some 
function: 


es useful signumf) function to get the sign of a 



* MATLAB Command Window 


» a=-5; 

» sign(a) 

3 

ans = 


-1 


» sign(abs(a)) 


ans = 


1 


» sign(a*8) 


ans = 


0 


» 

A 

JLI 
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Operators of comparison 

All scripting languages have operators of comparisons to compare a lot of different things. 
Here is the syntax for the MATLAB scripting language operators of comparison: 


* MATLAB Command Window Hlsl E 


» a=5 ;b=3; 

» a==b 

ans = 

0 

» a>b 
ans = 

1 

» a<b 
ans = 

0 

» a>=b 
ans = 

1 

» a<=b 
ans = 

0 
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But you try to compare two texts you will get a surprise because in MATLAB everything is 
matrices (also vectors) in reality texts are also vectors as you can see it below: 



» a=‘MATLAB';b='MATHEMATICA'; 

» a==b 

Error using == 

Matrix dimensions must agree. 

» a=‘MATLAB 1 ;b= , 0CTAUE 1 ; 

» a==b 

ans = 

e e i e e e 

» a~=b 
ans = 

110 111 

» a= 1 MATLAB 1 ;b= 1 Octaue 1 ; 

» a==b 

ans = 

0 0 0 0 0 0 
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Real numbers manipulations 


The first interesting thing when you work with any software is to know the maximum and 
minimum viewable values that the software can manage. You can get these information in 
MATLAB by using the commands intmax, intmin, realmax, realmin: 


HE 





» intmax 


ans = 

2147483647 
» intmin 
ans = 

-2147483648 
» realmax 
ans = 

1-7977e+308 
» realmin 
ans = 

2.2251e-308 
» eps 
ans = 

2.2204e-16 
» %IEE 754...I 


( 



LU 


But take care! This does not means that MATLAB calculates with an accuracy of 2.225le- 
308. In reality he is limited like most software to IEEE double precision as you can see it here 
below: 
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ZHIH 


» epsilon=2e-15; 


□ 


» 1+epsilon==1 
ans = 

0 

» epsilon=2e-16; 

» 1+epsilon==1 

ans = 

0 

» epsilon=2e-17; 

» 1+epsilon==1 

ans = 

1 

» .... precision limit reached 



UJ 



or by seeing this counterintuitive example: 



n 


MATILAB Command Window 


» 1 . 1 - 0 . 2 — 0.9 
ans = 

0i 

» 0_V==B.9 
ans = 

1 

» abs(1.1-0.2-0.9) 
ans - 


1.11022302%625157e-16 
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As you can see here below real numbers are otherwise correctly management by MATLAB 
and we have an important value (that we will use a lot in Optimization toolbox and Symbolic) 
for infinity that is Inf or -Inf: 



Command Windows real numbers formatting and output 

When make calculations in MATLAB there is a boring white space between each line. This 
space is useful when you teach MATLAB but not when you are using it alone at your office. 

To remove the white space use the command format compact, to reset to the previous state 

use format loose: 


MATLAB Command Window 

HHE3 

» sqrt(2) 

I 

ans = 


1.4142 


» format compact 


» sqrt(2) 


ans = 


1.4142 


» format loose 


» sqrt(2) 


ans = 


1.4142 


» 





MATLAB 


89/1357 














Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Otherwise you can also choose the precision of number outputs using different commands like 

format long g, format short g, format long e, format short e: 


MATLAB Command Window 


» sqrt(2) 
ans = 

1-414213562373095 

» format long g 
» sqrt(2) 

ans = 

1-4142135623731 

» format short g 
» sqrt(2) 

ans = 

1.4142 


EMU 

—3 


» format short e 
» sqrt(2) 

ans = 

1.4142e+00 

» format long e 
» sqrt(2) 


ans = 


1.4142135623730950+00 
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And what about thousands separators?: 


| ^ MATLAB Command Window 


U X=1234567.890123 

-3 


x = 

1.23460+86 

» nf=jaua.text.DecimalFormat; 
» char(nf.fornat(x)) 

ans = 

1 , 234'567.89 

» %was uery easy to guess_ 
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Arithmetic operations on complex numbers 

Complex numbers are especially useful in electronics/electordynamics and physics but you 
will also have to manage them for example in Finance! 

First you must know that MATLAB can use the letters i or j as complex number imaginary 
part. 


MATLAB Command Window 

HEIQ 

» i 

3j 

ans = 


0.0000 + I.OOOOi 


» J 


ans = 


0.0000 + I.OOOOi 


» 


JLI 

A 
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You can otherwise make some very classic calculations on a complex number like addition, 
multiplication, division, power, root but also get the conjugate with the function conj(), the 
module with the function abs(), the angle of the phasor with the function angle(), and the 
imaginary and real part with the functions imag( ) and real(): 


MATLAB Command Window 


» a=3+4*i 
a = 

3.0000 + 4.OOOOi 
» conj(a) 
ans = 

3.0000 - 4.OOOOi 
» abs(a) 
ans = 

S 

» angle(a) 
ans = 

0.9273 
ivnag(a) 
ans = 

4 

» real(a) 
ans = 

3 


EME 




& 


And for just the classical +,-,/,*, A operators can also be applied on complex numbers. 
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For some charts (especially the compass!) it is useful to remember the different technics to 
get a complex number just from an angle given degrees: 



±1 


» exp(9O/360*(2*pi)*i) 


ans = 

0.0000 + 1.OOOOi 
» exp(O/360*(2*pi)*i) 
ans = 

1 

» exp(180/360*(2*pi)*i) 
ans = 

-1.0000 + 0.OOOOi 

» cos(90/360*(2*pi))+i*sin(90/360*(2*pi)) 
ans = 

0.0000 + 1.OOOOi 


» 


Ul 
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Identify the number type 


Many times you will have to face with functions that will return multiple solutions. It is then 
necessary to know how to determine if a result is a real, integer or complex. 

For this purpose you can use the functions isreal() or isinteger() on scalar or vectors as 
shown below (iscomplex() does not exist!): 


( 


■v MATLAB Command Window 


» isreal(O) 
ans = 

1 

» isreal(pi) 
ans = 

1 

» isreal(Inf) 
ans =| 

1 

» isreal([3 pi 5+4*i]) 
ans = 

0 

» isreal([3 pi 5]) 
ans = 

1 

» isreal(NaN) 
ans = 

1 


□flEI 




> 


Uj 
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7ME\ 




» isinteger(pi) 


ans = 

0 

» isinteger(3+4*i) 
ans = 

0 

» isinteger(2) %????????????????? 
ans = 



0 


» ^because 2 is a double. We must you this instead: 
» x=2 

x = 

2 

» x==double(uint64(x)) 
ans = 

1 


» 


UJ 
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Rounding results 

Rounding results is always something important if you want to generate a nice output on a 
chart or in an automated report. 

For this purpose MATLAB has two important functions ceil() and floor() that can also be 
used with the famous equation to round to any multiple we want (in the last example below 
we round to the nearest 0.05): 


MATLAB Command Window 


□H3 




» pi 

ans = 

3 -1416 
» floor(pi) 
ans = 

3 

» ceil(pi) 
ans = 

4 

» floor(pi/0.05+0.5)*0.05 
ans = 

3.1500 



ifl 
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Set (vectors) operations 

Numerical vectors and string vectors (also name "cell arrays" in MATLAB") are one of the 
most important objects that any user has to master. Before making calculations with such 
objects one important prior knowledge to have is to be able to apply set operations on them. 

First see how to define a simple string vector (cell array) and a numerical (line) vector and 
how to extract unique items using the unique() function: 
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But in facts, the function unique( ) is one of this numerous MATLAB functions that returns 
multiple output. For example we can see below hot to get also the ranks: 



We can also sort in a very easy wa; 


ector using the sort() function: 


imenc; 
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But sorting string vectors (cell array) in a descending order is a little bit more complicated. 
We have to play with multiples functions using sort() and fliplr() together to inverse the 
sorting order of the ranks and then use it to get the final string vector: 


*'} MATLAB Command Window 


» str_o={ ' IBM 500' ‘AST INTEL 150' 'IBM 500' 'AST INTEL 150'> 
str u = 

'IBM 500' 'AST INTEL 150' 'IBM 500' 'AST INTEL 150' 

» sort(str_u,'descend'); 

Error using sort 

DIM and MODE arguments not supported for cell arrays. 

» [™, rank_str_u]=sort(str_u); 

» rank_str_u=fliplr(rank_str_u); 

» rankstru 

rank stru = 

3 14 2 

» str_o=str_u(rank_str_u) 

str u = 

'IBM 500' 'IBM 500' 


HHB 




■fiST INTEL ISO 1 


■fiST INTEL ISO 1 


An interne thing in rankings is to manage equalities. See how MATLAB can manage that 
with the function unique(): 



> ' MATLAB Command Window 


» U=[101 114 200 114] 
u = 

101 114 200 114 

» [sortedUalueu , u_Ranked]=sort(u) 
sortedUalue_u = 

101 114 114 200 

u Ranked = 

12 4 3 

» [~> ForwardRank]=unique(u) 
forwardRank = 




±1 




A 
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Something also important with vectors (or cell array) is to learn to merge them or to make a 
union set operation using the function union( ) to avoid duplicates: 


* 1 MATLAEt Command Window 


» u={ ■2012-03-01 1 ,'2012-03-02' , 1 2012-03-03 1 , 1 2012-03-04', 1 2012-03-05 1 > ; 
» w={ '2 012-03-05 1 , '2012-03-06' ,' 2012-03-07 ' ,' 2012-03-08 ' } ; 

» c=[u,w] 


c = 

Columns 1 through 5 

'2012-03-01' '2012-03-02' '2012-03-03' 

Columns 6 through 9 

'2012-03-05' '2012-03-06' '2012-03-07' 

» union(u,w) 
ans = 

Columns 1 through 5 

■2012-03-01 1 ' 2012-03-02 ' ■2012-03-03 1 

Columns 6 through 8 

' 2 012-03-06' ' 2012-03-07' ' 2012-03-08' 




'2012-03-04' 


'2012-03-08' 


'2012-03-05' 


' 2012-03-04' 


' 2 012-03-05' 


Uj 


That works also the same for numeric vectors: 


MATLAB Command Window 


» u=[101 114 200 114]; 
» w=[101 113 200 114]; 
» union(u,w) 


A 






ans = 

101 113 

» C=[u,w] 

C = 

101 114 


114 200 


200 114 101 113 200 114 


UJ 
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If you are interested to get the similarities between a given number of vector (numeric or 
strings) you can use the set operation function intersect( ) as shown below: 


MATLAB Command Window 

FPF\ 

» u={ 1 IBM 500 1 , 1 IBM 
» w={ 1 IBM 500 1 , 1 AST 
» intersect(u,w) 

500','AST Intel 200','AST Intel 150'}; 
Intel 200 1 >; 


ans = 



1 AST Intel 200 1 

‘IBM 500 1 


» 



<1 


A 


And here we see that it works the same for numerical vectors: 


MATLAB Command Window Hlsl 13 


» u=[101 114 200 114]; 
» w=[101 113 200 114]; 
» intersect(u f w) 

ans = 

101 114 200 
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When we have two vectors (numeric or string) we can be interested to know what differs 
between them we can use the setdiff( ) set function. Don't forget that it is not a 

commutative operator!: 


HE 





» u={ 1 IBM 500 1 , 1 IBM BOO’/AST Intel 200','AST Intel 150'}; 


» w={ 1 IBM 500 1 , 1 AST Intel 2O0 1 }; 
» setdiff(u,w) 

ans = 

‘AST Intel 150 1 
» setdiff(w,u) 
ans = 

Empty cell array: 1-by-O 

» u=[101 114 200 114]; 

» w=[101 113 200 114]; 

» setdiff(u,w) 

ans = 

Empty matrix: 1-by-O 
» setdiff(w f g) 
ans = 


113 



» 
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We can also use the setxor( ) set operator function to investigate what has change between 
two vectors (numeric or string) as you can see below: 


< MATLAB Command Window 


» u= [ 10B 101 102 103 104 105 107]; 
» w=[100 103 105 106]; 

» %who is new or has disappear? 

» setxor(w,u) 


» %we want only the new one* 
» ismember(setxor(w,u),w) 


|n|x| 


ans 


101 


102 


104 106 


107 


ans = 


» x=setxor(w,u); 

» notfisnenber(setxor(w,u),w)) 


ans = 


» xtnottisnenbertsetxortWjU),w)))=[]; 
» x 


x = 


106 


» %we get the new one* ;-) 
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Important practical cases 

This like a FAQ (frequently asked question) for which MATLAB doesn't seems to have built- 
in functions. 


Counting/Removing NaN in cell arrays 

The first typical question is to remove NaN values in a cell array. 


How many NaN do we have? Use for this the ismember() and sum() functions together: 


v' MATLAB Command Window 


» u={ ' IBM BOO 1 , ■NaN 1 , 1 AST Intel 200 1 , 1 NaN 1 , 1 AST Intel ISO 1 }; 
» ismember(u,'NaN') 

ans = 

0 10 10 
» sum(ismember(u,'NaN')) 
ans = 

2 


hme] 

z 


Ln 


And now comes the tricky part... how to clean the vector using cellfun() function: 


MATLAB Command Window 


nsixi 




» u={'IBM 500",'NaN",'AST Intel 200 1 , 1 NaN 1 , 1 AST Intel 150 1 }; 

» isnan(u) 

Undefined function ‘isnan 1 for input arguments of type 'cell'. 
» ismember(u, 1 NaN') 
ans = 

0 10 10 
» u(ismember(u,'NaN 1 )) = {■'} 
u = 

1 IBM 50O 1 11 'AST Intel 200 1 

» u(cellfun(@isempty,u)) = [] 
u = 

■IBM BOO 1 'AST Intel 20O 1 'AST Intel 150 


■AST Intel 150' 


hi 


A 
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Counting/Removing/Replacing NaN in (numeric) vectors 

There are multiple ways to remove NaN in numeric vectors. There are all easier than with cell 
array. We will just use isnan() function: 


MATLAB Command Window 


hhei 


» u=[101 113 200 NaN 114]; 
» isnan(u) 

ans = 

0 0 0 1 

» u(isnan(u))= []; 

» u 

u = 

101 113 200 114 


±1 


Or isfinite(): 




MATLAB Command Window 


» u=[101 113 200 NaN 114]; 
» u=u(isfinite(u)) 


101 113 200 114 









mi 
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Now let us see how to replace NaN values what is very useful in finance or statistics: 



Another interesting special case is the following: 

We want to replace NaN values in a large vector such as the one below: 

v = [1 NaN NaN NaN 2 3 NaN NaN 4 NaN NaN 7 8 NaN NaN 4 NaN 10]; 
and we would like the output to be 

v = [1 111233344456788844 10]; 

The solution is: 
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Finding the closest number in an vector 

Here we will see how to find the position of the closes value in a numeric vector. This is very 
useful in finance. For this purpose we will use a trick well known in a lot of programming 
languages. 

The presence of the function bsxfun() is just to make the thing faster (see page 639 on fast 
scripting tricks): 
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Arithmetic operations and manipulations of vectors 

As we said before numerical vectors are one of the most important objects that any user has to 
master. 

Let's see here the most common prior knowledge you must have before doing more 
complicated stuff (algorithms). 

First you must remember that a vector will not be defined with parenthesis but with brackets: 


MATLAB Command Window 


» 0=(1 2 3) 
u=(1 2 3) 

I 

Error: Unexpected MATLAB expression. 
» u=[1 2 3] 
u = 

12 3 


Emm 

—3 


U 


iJ 


Another very useful function is to repeat a given value some times in a vector using repmat() 
and also to get a vector length(): 


* MATLAB Command Window 


C 




» u=repmat(pi ,5 ,1) 
u = 

3-1416 

3.1416 

3.1416 

3.1416 

3.1416 

length(u) 

ans = 

5 


"3 


UJ 




ltd 
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Extracting values from a vector or subsets is also something very important: 


MATLAB Command Window 






» o = [16 5 9 4 2 11 7 14]; 
» u(3) 

ans = 


» o([2 3]) = 30 
o = 

16 30 30 4 

» u ([1 5 6 ]) 

ans = 

16 2 11 

» o(3:7) 
ans = 

30 4 2 11 7 

» o(end) %start doesn 1 exist--, 
ans = 

14 


2 11 7 14 



ai 
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Something also very very important is to be able to create vector ranges using linspace() 
function or not: 


MATLAB Command Window 


» u=1:1:1O 
u = 

12 3 4 

» u=linspace(1,10,1O) 
o = 

12 3 4 

» o=linspace(0,100,11) 
u = 

0 10 20 30 


sag. 


S 6 7 8 9 10 


S 6 7 8 9 10 


40 50 60 70 80 90 100 


u 


A 


Remember that you can't put string in vectors but only in a cell array that's why the definition 
of the first use [ ] and the second { }: 
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You always have to respect vectors dimensions rules that you have seen during your study in 
vector analysis and linear algebra even in MATLAB ;-P : 



-3 


» u=[1 2 3]; 


» w=[4 5]; 

» u-w 

Error using - 

Matrix dimensions must agree. 
» u+w 

Error using + 

Matrix dimensions must agree. 

» w=[4 5 6]; 

» u-w 

ans = 

-3 -3 -3 

» w-u 

ans = 

3 3 3 


» 



hi 
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There is something very important to note: in MATLAB if you precede the multiplication 
symbol, division symbol or power symbole by a point (.*,./, . A X) it means that you are doing 
a component by component operation: 



The power() function apply to a vector with a vector as exponent is equivalent to a 
component by component . A X power: 
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Or some other possible syntax for the norm that you can sometimes see in scripts: 


MATLAB Command Window 






» u=[100 101 102 103]; 
» norvn(u) 

ans = 

203.0123 

» sqrt(o*transp(y)) 

ans = 

203.0123 

» sqrt(u*u 1 ) 

ans = 

203.0123 




id 


If you work with probabilities vector the cumprod() function will be very useful for you, and 
if you work in the field of finance you will appreciate the cumsum() function: 


+) MATLAB Command Window 


» w=[0.4 0-8 0.9]; 
» cumprod(w) 


0.32O0 



0.2880 


1.2000 


2.1000 




A 
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We can also apply logical operations on vectors and especially for example non zero values 
with the function nnz(): 


< MATLAB Command Window 


» w=[0.4 0.8 0.9]; 

» w>=0.5 

3 

ans = 


0 11 


» sun(w>=0.5) 


ans = 


2 


» nnz(w>=0.5) %count the number of "NoN Zero ualues" 


ans = 


2 


»l 

A 

3 


We can also have a look at the dot product and cross product with the functions dot() and 
cross() that are very useful in physics: 


+) MATLAB Command Window 


» x=[1 2 3]; 
» y=[4 5 6]; 
» dot(x,y) 



□HE! 

3 
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You certainly remember that the function unique() returns also the rank, but there is also a 
function named tiedrank() that returns another type of ranking method keeping all original 
values: 


MATLAB Command Window 


» u=[8 12 S 3 4 5] 


mm 

—3 


u = 

8 12 5 3 4 5 

» tiedrank(u) 
ans = 

5.0000 6.0000 3.5000 1.0000 2.0000 3.5000 


Now take a look the gradient^ ) function by checking that it's effectively giving back the 
derivate and the laplacian with the function del2() giving back the second order derivate with 
a simple naive example. 

As you can see below there is a trap with MATLAB when you use del2(). You have to 
multiply the result by 4 to get the standard laplacian: 


| - MATLAB Command Window 







HHE3| 

» x=0:1:1O 

x = 








0 12 

» y=x.*2 

y = 

3 4 

5 

6 

7 

8 9 

10 


0 14 

» gradient(y) 

ans = 

9 16 

25 

36 

49 

64 81 

100 


12 4 

» del2(y) 

ans = 

Columns 1 through 8 

6 8 

10 

12 

14 

16 18 

19 


0.5000 0.5000 

Columns 9 through 11 

0.5000 0.5000 

» 4*del2(y) 

ans = 

0.5000 

0.5000 

0.5000 

0.5000 

0.5000 

0.5000 

0.5000 

2 2 2 

2 2 

2 

2 

2 

2 2 

2 

A 

jJ 
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Important practical cases 

This like a FAQ (frequently asked question) for which MATLAB doesn't seems to have built- 
in functions. 

Clean a vector 

Consider we have a return vector retrieved from a financial feed. Some values can be missing. 
In case of missing value at the beginning, the rule is to take the next available one... otherwise 
we take the previous day value. 

Consider this practical case as a challenge! The fastest code written today by one of my 
student is the following: 




© a - E 


1 

2 

3 

4 


clc;clear: all; 

v0=[NaN 5 47 5 31 NaN 46 4 79S 6 54 213 NaN NaN] 

lv=length(vO); 

v=vO; 


5 R for 

6 


E tor k=l:1: lv 


7 


if isnan(v (k)) 

for subK=(k+1) :1: lv 


3 

9 

10 

11 

12 

13 

14 

15 

16 


end 


v(k) =v (k-1) ; 

end 


end 

end 

It k>l ££ isnan(v(k)) 


if -isnan (v (subK) ) 


v (k) =v (subK) ; 
break; 


This i 



y 
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^ + m 


^ ► C: ► 


I Search Documentation 


£ vO = 
c 

Qj 

NaN 5 47 5 31 NaN 46 4 793 6 54 213 NaN NaN 


5 5 47 5 31 46 46 4 793 6 54 213 213 213 a 


/* >> 



5 


(i.e. a point that lives on plane whose normal vector is v) will define components of a vector 
that u is orthogonal to v. 


One such vector is: 


u = 



' 0^ 



-c 

,u = 

0 





you can choose whatever you prefer, but it cannot be: 


u = 


0 

vOy 


Now, given u and v, compute the third vector that is orthogonal to both u and v with 

w = uxv 


To make an orthonormal basis just divide each vector by its norm! 
Demo: 
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» u=[o e i] 


.a 


u 


e 


e 


i 


» u=[0 -u(3) u(2)] 
u = 


e -i 


e 


» w=cross(u,u) 
w = 


-1 


0 


e 


» dot(u,u) 
ans = 

0 

» dot(u,u) 
ans = 

0 

» dot(u,u) 
ans = 

0 


» 



hi 
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Arithmetic operations and manipulations of matrices 

Master the manipulation of matrices is even more important than vectors. Let us see some 
manipulations with this type of objects (typical matrix algebra) 

We begin something simple with the Minkowsky matrix (see chapter of Relativity of my 
applied mathematics e-book) by removing some parts of it and getting the diagonal by 
excluding first the usage of the diag() function (see next page): 


| 4' MATLAB Command Window 

□qB 

» g=[-i 

0 0 0;0 

1 0 0;0 0 1 0;0 0 0 1] 

nB 

g = 





0 

0 0 


0 

1 

0 0 


0 

0 

1 0 


0 

0 

0 1 


» g(:.1) 

=[] 



g = 




0 

0 

0 


1 

0 

0 


0 

1 

0 


0 

0 

1 


» g=g(=) 

- 



g = 




0 

1 

00001 00OO1 


» g=g(g~ 

= 0) 



g = 




i 

1 

1 


» | 



A 




Now let us see that we can use the diag() function or trace() function that are very useful in 

advanced physics and also in statistics (when you build your own confusion matrix): 
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4 MATLAB Command Window ■EB 


» g=[—1 BOO; BIBO; O010; O001] 
9 = 

-10 0 0 
0 10 0 

0 0 10 

0 0 0 1 

» diag(g) 

ans = 

-1 

1 

1 

1 

» sun(diag(g)) 
ans = 

2 

» trace(g) 
ans = 

2 




Sometimes it can be useful to generate a diagonal unit matrix. You can do that very easily 
with the eye() function: 


MATLAB Command Window 


» M=eye 
M = 

1 

» M=eye(2) 

M = 

1 0 

0 1 

» M=eye(3) 

M = 

10 0 
0 10 

0 0 1 



Now have a look why it is 
dangerous to use the length() function instead of the size() function to get dimensions of a 
matrix: 
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MATLAB Command Window 


» M=[1, 2, 3; 4, 5, 6] 
M = 


□ma 




1 2 

4 5 

» size(M) 

ans = 

2 3 
» size(M,1) 
ans = 

2 

» size(M,2) 
ans = 

3 

» length(M) 
ans = 

3 


3 

6 


V 


%auoid? can be dangerous? 



j 
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And now some stuff about extracting some parts of a matrix: 


MATLAB Command Window 


nm 


» M=magic(4) 
M = 


» M(2,4) 
ans = 

8 

» M(2:4,1:2) 
ans = 


16 

2 

3 

13 

5 

11 

10 

8 

9 

7 

6 

12 

4 

14 

15 

1 


5 
9 
4 

» H(3,:) 
ans = 

9 

» M(:,end) 

ans = 

13 
8 

12 
1 


11 

7 

14 


m 


12 


mi. 


Or change the value of a given component: 
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MATLAB Command Window 



HEIE 

J» M=nagic(4) 




B 

M = 






16 

2 

3 

13 



5 

11 

10 

8 



9 

7 

6 

12 



4 

14 

15 

1 



» M(2,3) 

=1 





M = 






16 

2 

3 

13 



5 

11 

1 

8 



9 

7 

6 

12 



4 

14 

15 

1 



» | 













Otherwise we can check that adding matrices of the same dimension works well: 


MATLAB Command Window 

BBHl 

|» M1=magic(2) 

-z 

Ml = 



1 

3 


4 

2 


L M2=magic(2) 


M2 = 



1 

3 


4 

2 


» M1+M2 



ans = 



2 

6 


8 

4 


» Ml-M2 



ans = 



0 

0 


0 

0 


»l 




And also matrices multiplication if you respect linear algebra rules or that you can also make 
a component by component multiplication like for vectors: 
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* 1 MATLAB Command Window 

m^m 

l» M1=magic(2) 

i 

Ml = 

1 

3 


4 

2 


L M2=magic(2) 


M2 = 

1 

3 


4 

2 


» Ml*M2 

ans = 

13 

9 


12 

16 


» Ml -*M2 

ans = 

i 

9 


16 

4 


»l 


A 


We can also take a look to what happens with division and if it's corresponding with the 
inverse trough the function inv(): 
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MATLAB Command Window 


j» M1=nagic(2) 

i 

Ml = 



1 

3 


4 

2 


L M2=nagic(2) 


M2 = 



1 

3 


4 

2 


» M1/M2 



ans = 



1 

0 


e 

1 


l> M1*ino(M2) 


ans = 



1.0000 

-0.0000 


0 

1.0000 


» M1./M2 



ans = 



1 

1 


1 

1 


» 

Hj 


. .a.a.a.a. a . a . a . a . a .a. ^ 


Everything seems all right and standard. 
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Let's have a look with multiplication and power to see if everything is also standard: 


MATLAB Command Window 


» M1=magic(2) 

Ml = 

9 

1 

3 


4 

» M1~2 

ans = 

2 


13 

9 


12 

» Ml*M1 

ans = 

16 


13 

9 


12 

» Ml.*2 

ans = 

16 


1 

9 


16 

4 


» 

jJ 


a.1.1 . 1.1 . 1 . 1.1.1.1.1.id 


Yep! Everything seems fine (standard)! 
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And what about sorting a matrix by columns with the function sort( ) or by columns with the 
function sortrows(): 


* MATLAB Command Window 


HEIHI 

j» M=nagic(4) 



3 

M = 





16 

2 

3 

13 


5 

11 

10 

8 


9 

7 

6 

12 


4 

14 

15 

1 


» sort(M) 





ans = 





4 

2 

3 

1 


5 

7 

6 

8 


9 

11 

10 

12 


16 

14 

15 

13 


L sortrows(M,1) 




ans = 





4 

14 

15 

1 


5 

11 

10 

8 


9 

7 

6 

12 


16 

2 

3 

13 


» 




1 

111 Jj A 


Now suppose we have a covariance matrix and we want to keep only the triangular inferior 
part. Thus we can use the function tril(): 


MATLAB Command Window HE) G9 


» cou=[11-474 9.086 6.383; 9.086 12.086 5.938;6.383 5.938 11.090] 
cou = 


11.4740 
9.0860 
6.3830 

» tril(cou) 

ans = 

11.4740 
9.0860 
6.3830 


9.0860 

12.0860 

5.9380 


0 

12.0860 

5.9380 


6.3830 
5.9380 
11.0900 


0 

0 

11.0900 


We know we need sometimes in quantitative finance to convert a covariance matrix in a 
correlation matrix. This can easily be done with the function corrcov(): 
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□ 





■4^ MATLAB Command Window 


» cou=[11.474 9-086 6.383;9.086 12-086 5.938;6.383 5-938 11-090] 
cou = 

11.4740 9.0860 6.3830 

9.0860 12.0860 5.9380 

6.3830 5.9380 11.0900 

corrcou(cou) 


ans 


1.0000 

0-7716 

0.5659 


0.7716 

1.0000 

0.5129 


0.5659 

0-5129 

1.0000 


And as we can check it very easily by hand, the conversion is correct! 
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And have also a check to the tradition transposition with the function transp( ) or the 
apostroph 


* ‘ MATLAB Command Window 



j» M=magic(4) 




M = 

16 

2 

3 

13 


5 

11 

10 

8 


9 

7 

6 

12 


4 14 

» transp(M) 

15 

1 


ans = 

16 

5 

9 

4 


2 

11 

7 

14 


3 

10 

6 

15 


13 

8 

12 

1 


» M' 

ans = 

16 

5 

9 

4 


2 

11 

7 

14 


3 

10 

6 

15 


13 

» 

±1 

8 

12 

1 

tttttttttt mmmmd 


As we know at the high school level matrix can be used as operator on points. Let us see how 
to create such a transformation. First create the following function: 


| transform.m x 


1 


E 

function [newx, newy] = tnansfonm {x f y) 

2 

- 


newx = 10 * x + y*y; 

3 

- 


neuy = 5 * y; 

4 



end 



After if we write we get: 
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© IlI i - ll B © 


1 V] = meshgrid(1:5, 1:5); 

2 subplot (1,2,1) 

3 mesh(x, y, zeros (size (x) )) ; 

4 view(0,90) ; 

5 subplot(1,2,2) 

6 %transformed data 

7 [u, v] = arrayfun(@transform, x, y); 

8 mesh(u, v, zeros(size(u))) | 

9 view(0,90) 


1 *) Figure 1 





File Edit View Insert 

Tools DeskJtop Window Help 



■7y 


K ^ «? ® « A - 


□ E 

■ 0 











\ 







i ; 

l \ 

3 t 

5 


25 


20 


15 


10 


TT 


J L 


20 40 60 80 
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So we get: 


1 Figure 1 




File Edit View Insert Tools DeskJtop Window Help 




D a a ^ | te 1 <3, © ® « /. . 

a 

□ El 

■ 0 




Or even better (this will give some idea to people that made engineering studies in materials 
constraints): 
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G& Ini . - ^ B © 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


[x, y] = meshgrid(1:5, 1:5); 

subplot(1,2, 1) 

surf(x, y, zeros (size(x) )) ; 

view(0,90); 

subplot(1,2,2) 

^transformed data 

[u, v] = arrayfun(@transform, x, y) 
surf(u, v, rand(size(u))) 
shading interp 
view(0,90) 


so we get: 



1 Figure 1 




HEFEI 

File Edit View Insert 

Tools Desktop Window Help 



"5J 



a 

□ s 

□ 0 




0 20 40 60 60 
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And we can also check that the inverse and determinant using the function det() are 
corresponding to what we have calculate by hand in the theoretical course: 



-±1 


» M=[1 2; 3 4] 


M 


1 

3 


2 

4 


» inu(M) 
ans = 

- 2.0000 1.0000 
1.5000 -0.5000 

» det(M) 

ans = 


-2 



r 


Now have a look the correlation matrix we have calculated by hand during our study of the 
principal component analysis proof and let us see if we obtain the same eigenvalues and 
eigenvectors by using the function eig(): 
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During the course on Integration and Differential Calculus we have seen that sometimes it is 
required to solved ODE by using matrix exponentiation. Let us have a look if MATLAB does 
the job correctly by taking the same example as in the theoretical course: 


hhei 





» A=[3 -4;-6 1] 


A = 

3 -4 

-6 1 

» expvn( A) 

ans = 

657.9998 -438-6333 
-657.9500 438.6831 

» %check 

» 1/5*(2*exp(-3)+3*exp(7)) 
ans = 

657.9998 



UJ 


So we obtain the same results and can validate what MATLAB returns! 
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In the training on Numerical Methods we have seen that the singular value decomposition has 
an important place in various statistical methods. 

Using the correlation matrix calculated by hand in the theoretical training let us see if we 
obtain the same decomposition as calculated by hand by using the function svd(): 


MATLAB Command Window 


MIMZ 

» R=[1 -0. 
» [U,U,W]=: 

1609 0.8854; 
sud(R) 

-0-1609 1 -0-3818;0.8854 -0.3818 1]; 

a 

U = 

-0-6410 

-0.3803 

-0-6667 


0-3528 

-0-9174 

0-1842 


-0-6817 

-0-1171 

0.7222 


U = 

2.03 01 

0 

0 


0 

0.8846 

0 


0 

0 

0.0853 


U = 

-0.6410 

-0.3803 

-0-6667 


0.3528 

-0-9174 

0-1842 


-0.6817 

-0-1171 

0.7222 


r 1 

L 



m 



We can also see for fun if it is correct by inverting the calculation 


MATLAB Command Window 


HUB 

» R=[1 -0.1609 0.8854; 
» [U,U,W]=sud(R); 

» %first check 
» U*U*inu(U) 

ans = 

-0.1609 1 -0.3818;0.8854 -0.3818 1]; 

a 

1.0000 -O.1609 

0.8854 


-0.1609 1.0000 

-0.3818 


0.8854 -0.3818 

» ^second check 
» U*U*transp(U) 

ans = 

1.0000 


1.0000 -0.1609 

0.8854 


-0.1609 1.0000 

-0-3818 


0.8854 -0.3818 

1.0000 


» %transp(U)=inu(U) because U is orthogonal* 

» 
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During our study of the bivariate normal distribution we have seen the importance of the 
Cholesky distribution. We can see if we obtain the same result as in the theoretical course by 
using the same correlation matrix and the using the function chol(): 


MATLAB Command Window 


» R=[1 -0-5 
» chol(R) 

1]; 

3 

ans = 



1.0000 

-0.5000 


0 

0.8660 


» chol(R) 1 * 

chol(R) 


ans = 



1.0000 

-0.5000 


-0.5000 

1.0000 


» | 




During the training on Design Of Experiment we have seen the importance of Hadamard 
matrices. Let us see if MATLAB respect the rules by using the function hadamard(): 



Everything is fine! 
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Important practical cases 

This like a FAQ (frequently asked question) for which MATLAB doesn't seems to have built- 
in functions. 


Removing NaN in matrices (arrays) 


This is a typical request in finance but in the facts it could be better to interpolate using less or 
more advanced techniques the missing values (simple smoothing, or moving average, or 
spline, or...): 
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Sampling matrix columns 

In finance you have sometimes thousands of assets and you want to check your algorithms 
applied on multiples combinations of assets returns. Suppose we have such a matrix and that 
we have in our possession a vector (or a set of vectors) that makes the combinations unique 
(typically using Hadamard matrices). Then the trick is: 


MATLAB Command Window 


» M=magic(5) 
M = 


—3 


ans = 


17 

24 

1 

8 

15 

23 

5 

7 

14 

16 

4 

6 

13 

20 

22 

10 

12 

19 

21 

3 

11 

18 

25 

2 

9 

[0,1 

,0,0,1] 

, 



: ,find(c)) 




24 

15 




5 

16 




6 

22 




12 

3 




18 

9 
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Creation multiple dimensional matrices 

When you are working in MATLAB with images, by defaults they will be described by 
multiples dimensional array. This also sometimes happen with measures made by engineers. 


Then it is important to know how it is structured and how to create such objects. 
First here is an example on how an RGB image is structured in MATLAB: 


red 

intensity 

values 


Array RGB 


Page'S - 
' blue 
intensity 
values 


0.689 

0.535 

0.314 

0.553 

0.441 


n n a ni 


Page 2- 
'gieen 
intensity 
values 


0.342 0 . 
0.111 0 . 
0.523 0 . 
0.214 0 . 
0.100 0 . 


0.112 

0.986 

0.234 

0 . 

432 

0.765 

0 . 128 

0.863 

0 . 

521 

1 .000 

0.985 

0.761 

0 . 

698 

0.455 

0.783 

0.224 

0 . 

395 

0.021 

0.500 

0.31 1 

0 . 

123 

1 .000 

1.000 

0.867 

0 . 

051 

1 .000 

0.945 

0.998 

0 . 

893 

0.990 

0.941 

1.000 

0 . 

876 

0.902 

0.867 

0.834 

0 . 

798 


647 0.515 0.816 . 
300 0.205 0 . 52 §,: 
428 0.712 0^929 . 
604 0 - 91 Q . -( 5 . 344 . 
121 0 „ rf 3 0.126 . 
tf . 204 0.175 . 
0.760 0.531 . 
0.997 0.910 . 
0.995 0.726 . 


706 0.118 
532 0.653 
265 0.159 
633 0 . 528 . 
465 0.512 
o '421 
0.912 
0.219 
0 . 128 


0.884 

0 . 925 , 

O.JO'I 

O '. 493 

0.512 

0.398 

0.713 

0.328 

0 . 133 



Now see how to build yourself such a multidimensional array: 


IS «■-» -u w B 


♦ + ■ P V K: 1 


Command Window 

>> M=i:ancl (4,4) 

M = 


0.9593 
0.5472 
0.1386 
0.1493 


0.2575 

0.8407 

0.2543 

0.8143 


» M(:r i,2) =uand(4,4) 

H(:,:,l) = 


J* 


0.9593 
0.5472 
0.1386 
0.1493 


= 

0.8308 
0.5853 
0.5497 
0.9172 


0.2575 

0.8407 

0.2543 

0.8143 


0.2858 

0.7572 

0.7537 

0.3804 


0.2435 
0.9293 
0.3500 
0.1966 


0.2435 
0.9293 
0.3500 
0.1966 


0.5678 

0.0759 

0.0540 

0.5308 


0.2511 
0.6160 
0.4733 
0.3517 


0.2511 
0.6160 
0.4733 
0.3517 


0.7792 
0.9340 
0.1299 
0.5688 


© 


-I 




Workspace 


Name L. Value 


<4x4x2 double>| 0,0540 


Min Bytes Max 
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We also can have 4 dimensional arrays! A well know example is the STL-10 deep learning 
image dataset of Stanford University course: 

http://cs.stanford.edu/~acoates/stl 10/ 

To load the train, mat file and show only one image we will use the reshape() and squeeze/) 
functions as following to show the third of the 5,000 images: 


Command Window 

>> load train.mat 
>> I=reshape(X,5G0G,96,96,3); 
>> im=squee ze(1(3,:,:,:)); 

>> image(im) 
fx » 


© 


Workspace 


Name L. 

Value 

Min 

Max 


O] class. names 
{}\ foldjndices 
uu im 

By 


<4-D uint8> 
<5000x27648 uint8> 
<1x10 cell> 

<1x10 cell> 
<96x96x3 uint8> 
<5000x1 double > 


<Toomany... <Too . 
<Toomany... <Too . 


255 

10 



Jnjxj 


File Edit View Insert Tools DeskJtop Window Help 


MATLAB 


143/1357 







































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Manipulating tables (structure array) 

You can since a few years work with tables structures in MATLAB like we do it for example 
in the R software. This is especially useful when you create your own scripts (see Scripting 
chapter on page 541). 

You have to know that some native MATLAB functions are by default structured arrays) and 
we already have meet such one when we have study the mem command. 

Let us make a typical example well knows in R. 



Imagine we have built a statistical function that returns a structure 
different properties containing some values: 


istical with 
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Now let us see how to access to the different properties values and to different property 
values: 


MATLAB Command Window Q 


» statistical(1).test= 1 Khi-2 1 ; 

» statistical(1).pualue=0.03; 

» statistical(1) .confusion .matrix=[13 5; 18 4]; 

» statistical(2).test='Khi-2 with Yates correction'; 
» statistical(2).pualue=0.035; 

» statistical(2).confusion.matrix=[13 5;18 4]; 

» statistical 

statistical = 

1x2 struct array with fields: 

test 

pualue 

confusion 

» statistical(2).test 
ans = 

Khi-2 with Vates correction 

» statistical(2).confusion.matrix 

ans = 

13 S 

18 4 
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You must also know that there is another way to access to properties values: 
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We can at any time change the value of each of the properties: 



cT 


MATLAB 


147/1357 









Vincent ISOZ, Daname KOLANI 


Sciences.ch 


If you write the name of the structure you will by default get only the first dimension 
properties. 

Using the function rmfield() we can temporarily hide a property when we call a structured 
array: 


*;i MATLAB Command Window 

mism 

» statistical 


a 

statistical = 

test: 

1 Chi-2 1 


pualue: 

0.0300 


confusion: 

[1x1 struct] 


CI95: 

[5-4800 -5-4800] 


L> rmfield(statistical, 1 CI95 1 ) 


ans = 

test: 

1 Chi-2 1 


pualue: 

0.0300 


confusion: 

[1x1 struct] 


» statistical 

statistical = 

test: 

1 Chi-2 1 


pualue: 

0.0300 


confusion: 

[1x1 struct] 


CI95: 

[5.4800 -5.4800] 


» statistical^ 

rnfield(statistical„ 1 Cl95 1 ) 


statistical = 

test: 

1 Chi-2 1 


pualue: 

0.0300 


confusion: 

[1x1 struct] 


> 

L 


A 
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We can get the list of the names of the structured array using the function orderfields() and 
at the same time we get the number of dimensions: 


MATLAB Command Window 


» orderfields(statistical) 
ans = 

1x2| struct array with fields: 


confusion 

pualue 

test 


HBB 




UJ 


Strange behavior... if we remove a field containing a stri 
at the contrary of a property containing a matrix: 





s will be definitively removed 


MATLAB Command Window 


» rmfield(statistical, 1 test 1 ) 
ans = 

1x2 struct array with fields: 

pualue 
confusion 

» statistical!; 1) .name 

Reference to non-existent field 'name'. 
» statistical(2)-name 

Reference to non-existent field 'name'- 





id 
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Mathematical functions 

The purpose now is to check that MATLAB has some of the mathematical function that we 
used we saw the Applied Mathematics e-book. 

Let us start by the greatest common divisor with the function gcd() and also the lower 
common multiple with the function lcm(): 


V MATLAB Command Window BETH 


» gcd(6,15) m 


ans = 



We also know that in R.S.A. cryptography that the manipulation of prime number is 
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and also primes(): 


MATLAB Command Window 






BE1B 

» prines(25) 

ans = 

2 3 5 7 

11 

13 

17 

19 

23 

-3 

» 







±1 






A 


For sure we have the absolute value that we have already seen twice before with the function 
abs( ) and the signum function sign( ) that is still useful in numerous applied field: 


MATLAB Command Window 




» abs(-5) 
ans = 

S 

» sign(-5) 
ans = 




<t 


ij 
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For high school students you can get the Pascal triangle with the function pascal( ) for fun. 


* MATLAB Command Window 

WBEI 

» pascal(4) 


-z 

ans = 

1 1 

1 1 


1 2 

3 4 


1 3 

6 10 


1 4 

10 20 


» 

A 


A 


And our tradition factorial ) function very useful in statistics, number theory and quantum 
physics: 


MATLAB Command Window 


» factorial(4) 

A 

ans = 


24 


»i 


a 

............... J 
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Another important function in statistics is the combinatorics that you can get with nchoosek( ) 
and for high school students they can play with also with the perms() function to see all 
possible permutations using the sample examples as in the theoretical course: 


MATLAB Command Window 


[MU 


B 


» nchoosek(24,7) 


ans 


346104 

» 1={'I' 1 s 1 1 o 1 >; 
» perms(l) 


ans 


'o' 
'o' 
1 s 1 
's' 
1 1 1 
1 1 1 


's' 
1 1 1 
1 o 1 
1 1 1 
's' 
'o' 


1 1 1 
'S' 
1 1 1 
'o' 
'o' 
's' 


» size(perns(l) f 1) 
ans = 

6 

» nchoosek(3,3) 
ans = 


UJ 
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Now some trigonometry based on radians with the functions sin(), cos(), tan(): 



For people that like to work in degrees instead of radians you have the functions cosd(), 
sind() and tand() that are useful when you work with latitudes and longitudes: 


C 

> 


MATLAB Command Window 


» cosd(9Q) 
ans = 

0 

» sind(90) 
ans = 

1 

» tand(45) 
ans = 

1 


ME 

““a 


L±l 
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let us continue in radians with some inverse trigonometric functions in radians like asin(), 
acos() or atan() or the important atan2(): 
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And for sure we also have the hyperbolic normal and inverse trigonometric functions sinh(), 
cosh(), tanh(), asinh(), acosh(), atanh(): 





» sinh(O) 
ans = 

0 

» cosh(O) 
ans = 

1 

» tanh(O) 
ans = 

0 

» asinh(O) 
ans = 

0 

» acosh(l) 
ans = 

0 

» atanh(O) 
ans = 


0 



bJ 
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Some other very classic and useful mathematical functions are exp() for the exponential, 
log() for the natural logarithm, loglO() for the logarithm in base 10: 


MATLAB Command Window 


» exp(1) 
ans = 

2-7183 
» log(10) 
ans = 

2.3026 
logl0(10) 
ans = 

1 

» exp(log(10)) 
ans = 

10.0000 


□Ha 








J 
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Sometimes it is useful to some charts to know how to transform Cartesian coordinates into 
polar coordinates. This can easily be done thanks to the function cart2pol() or also the 
inverse by using the function po!2cart(): 
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In astronomy, or celestial mechanics and also in atomistic in can be useful to know how to 
convert Cartesian coordinates to spherical coordinates using the function cart2sph() or the 
inverse operation using sph2cart(): 



Now let us see a famous example using complex number and trigonometric function by 
plotting one of the 3 d orbital of the hydrogenoid atom: 

v f 15 • 2 a 

/,, = J-sin 9e 

2 ’ 2 \32n 
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1 %probability densities 

2- pd_psi_210 = G (r, theta, phi) real (exp (2 *_i*phi) ) . * (sin (theta) . A 2 ) *sqrt (15/ (32 *pi) ) ; 

3 

4 %configuring the range 

5- [x, y, e] = meshgrid(-l:.01:1,-1:.01:1,-0.5:.01:0.5); 

6 - [theta,phi,r] = cart2sph(x,y,z); 

7 

8 ^create array of probability density magnitudes 

9 - psi_210_vals = pd_psi_210(r,theta,phi); 

10 

11 ^plotting 

12 - imagesc(psi_210_vals(:,:,1)); %x-y plane 

13 - colorbar 


, X> 



We have seen in the Optic course and Nuclear course that the Bessel J function was very 
useful. Late us take a look if it's available in MATLAB using the function besselj(): 
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We have also see in the Statistic course 
Let us see if this function is really available i 


and Thermodyi 
able in MATL/ 


rmodynamics course a function named "erf". 
ATLAB using the erf() function: 



- MATLAB Command Window 


» erf(inf)/2 

a 

ans = 


0.5000 


»l 

Lj 

A 
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During our study of nuclear magnetic resonance bird cage we have seen that K elliptic 
functions were useful. Let us have a look with a typical academic example base on the 
pendulum using the function ellipk(): 



Is the result very accurate? Let us check that with Maple 17: 
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Statistical (core elementary) functions 


MATLAB is very limited in native advanced statistical functions if you do not have additional 
Toolbox like the Statistical Toolbox, Econometrics Toolbox or Forecasting Toolbox. 

The purpose here is to see what is available in the MATLAB core version. 

First take a look the max(), min() function and calculate also the range of a vector: 


MATLAB Command Window 


» u =[1 2333445666 ]; 
» max(u) 

ans = 


» min(u) 
ans = 

1 

» E=nax(u)-nin(u) 
E = 

5 


□H3 

—3 


b 

III ^ 

v 



A 
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Now let us see if the arithmetical mean is available and correct with the mean() function, 
and also the median with the median() function and the mode with the function mode(): 


MATLAB Command Window 

HBQ| 

» vnean(u) 

i 

ans = 


3.9091 


» sum(u)/length(u) 


ans = 


3.9091 


» nedian(o) 

► 

ans = 

4 


» u(ceil(length(u)/2)) 


ans = 


4 


» vnode(u) 


ans = 


3 


» 

A 
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We must have a look the standard deviation and be sure that MATLAB use by default the 
non-biased estimator of the standard deviation with the function std() and that we can choose 
the type of standard deviation we want (biased are non-biased): 







» std(u) 


ans 


1-70O3 

» sqrt(sum((u-mean(u))-*2)/(length(u)-1)) 
ans = 

1 -7003 
» std(u,0) 


ans 


1 -7003 
» std(u,1) 
ans = 

1.6211 

» sqrt(sum((u-mean(u)). A 2)/(length(u))) 
ans = 

1.6211 


UJ 


» 
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We can also check that the variance have the same flag with the function var() to have the 
non-biased and the biased version: 


MATLAB Command Window 


» uar(u) 
ans = 

2.8909 
» uar(u,0) 
ans = 

2.8909 
» uar(u,1) 
ans = 

2.6281 
» std(u)*2 
ans = 

2.8909 




31 




mi 
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The correlation matrix is by default the non-biased correlation matrix when you use the 
function corrcoef() on a whole matrix or on one of its subset: 


MATLAB Command Window Hlfil B 


» T 


T = 


-0.0175 

-0.3288 

0.0231 

-0.1984 

-0.0204 

-0.1014 

0.1228 

0.1979 

0.1034 

-0.0350 

0.0634 

0.0385 

-0.0003 

0.0181 

0.0234 

-0.0027 

-0.1722 

-0.06 01 

0.0214 

-0.1808 

0.0091 

0.1429 

0.1534 

0.03 02 

0.0721 

-0.2323 

0.0273 

-0.0348 

-0.2296 

0.0370 

-0.0394 

-0.5460 

-0.0751 

-0.0827 

0.5589 

-0.1109 

» corrcoef(T) 

ans = 

1.0000 

0.0478 

0.7295 

0.0478 

1.0000 

-0.0383 

0.7295 

-0.0383 

1.0000 

0.5364 

-0.4999 

0.7400 

0.5930 

-0.1576 

0.5270 

» corrcoef(T( 


,3)) 

ans = 

1.0000 

0.7295 


0.7295 

1.0000 



» | 

D 


0.0031 

0.0006 

-0.1061 

-0.0934 

0.0230 

0.0576 

0.0544 

-0.0865 

0.0405 

0.1256 

-0.0236 

0.0156 

0.0846 

0.0430 

0.0423 

0.0418 

0.0156 

-0.0497 

0 

-0.0077 

-0.0432 

-0.0150 

-0.3294 

-0.1028 


0.5364 

0.5930 

-0.4999 

-0.1576 

0.7400 

0.5270 

1.0000 

0.5914 

0.5914 

1.0000 
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For sure we can apply the tril() function together with the corrcoef() function if we want: 


MATLAB Command Window 




1 1 1 

L tril(corrcoef (T)) 




A 

ans = 

1-0000 

0 

0 

0 

0 


0.0478 

1.0000 

0 

0 

0 


0.7295 

-0.0383 

1.0000 

0 

0 


0.5364 

-0.4999 

0.7400 

1.0000 

0 


0.5930 

» 

JLl 

-0.1576 

0.5270 

0.5914 

1.0000 

A 


Or by extracting the second output of the function corrcoef() we can get the p-value of the 
Pearson test with by default a 5% treshold: 
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Let us check if the result corresponds to calculation made by hand in the Statistics course: 
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We can also have the lower and upper limits of the 95% confidence interval: 


| MATLAB Command Window 





» [R P P P RL0 P 

RUP]=corrcoef(T) 



A. 


R = 







1.0000 

0.0478 

0.7295 

0.5364 

0.5930 



0.0478 

1.0000 

-0.0383 

-0.4999 

-0.1576 



0.7295 

-0.0383 

1.0000 

0.7400 

0.5270 



0.5364 

-0.4999 

0.7400 

1.0000 

0.5914 



0.5930 

-0.1576 

0.5270 

0.5914 

1.0000 



P = 







1.0000 

0.8827 

0.0071 

0.0722 

0.0421 



0.8827 

1.0000 

0.9058 

0.0980 

0.6247 



0.0071 

0.9058 

1.0000 

0.0059 

0.0783 



0.0722 

0.0980 

0.0059 

1.0000 

0.0428 



0.0421 

0.6247 

0.0783 

0.0428 

1.0000 



RL0 = 







1.0000 

-0.5409 

0.2676 

-0.0542 

0.0289 



-0.5409 

1.0000 

-0.5991 

-0.8344 

-0.6708 



0.2676 

-0.5991 

1.0000 

0.28B7 

-0.0673 



-0.0542 

-0.8344 

0.2887 

1.0000 

0.0265 



0.0289 

-0.6708 

-0.0673 

0.0265 

1.0000 



RUP = 







1.0000 

0.6051 

0.9187 

0.8490 

0.8706 



0.6051 

1.0000 

0.5476 

0.1038 

0.4577 



0.9187 

0.5476 

1.0000 

0.9222 

0.8453 

_ 


0.8490 

0.1038 

0.9222 

1.0000 

0.8700 


0.8706 

0.4577 

0.8453 

0.8700 

1.0000 

M 
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Or chose another value for the alpha threshold as the default one of 5%: 


MATLAB Command Window 




ITTnT 

X 

» [R P L U] 

R - 

=corrcoef(T 

, 1 alpha 1 , 

0.10) Uhe 

alpha impact only L and U not F 

> t t 

a 

1.0000 

0.0478 

0.7295 

0.5364 

0.5930 



e.0478 

1.0000 

-0.0383 

-0.4999 

-0.1576 



0.7295 

-0.0383 

1.0000 

0.7400 

0.5270 



0.5364 

-0.4999 

0.7400 

1.0000 

0.5914 



0.5930 

-0.1576 

0.5270 

0.5914 

1.0000 



P = 

1.0000 

0.8827 

0.0071 

0.0722 

0.0421 



0.8827 

1.0000 

0.9058 

0.0980 

0.6247 



0.0071 

0.9058 

1.0000 

0.0059 

0.0783 



0.0722 

0.0980 

0.0059 

1.0000 

0.0428 



0.0421 

0.6247 

0.0783 

0.0428 

1.0000 



L = 

1.0000 

-0.4625 

0.3621 

0.0507 

0.1332 



-0.4625 

1.0000 

-0.5275 

-0.7996 

-0.6089 



0.3621 

-0.5275 

1.0000 

0.3818 

0.0377 



0.05 07 

-0.7996 

0.3818 

1.0000 

0.1308 



0.1332 

-0.6089 

0.0377 

0.1308 

1.0000 



U = 

1.0000 

0.5343 

0.9007 

0.8169 

0.8427 



0.5343 

1.0000 

0.4699 

-0.0009 

0.3708 



0.9007 

0.4699 

1.0000 

0.9049 

0.8125 



0.8169 

-0.0009 

0.9049 

1.0000 

0.8420 


0.8427 

jJ 

0.3708 

0.8125 

0.8420 

1.0000 

2fd 
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The non-biased variance-covariance matrix will be calculated thanks to the cov() function: 

nun 


MATLAB Command Window 




» coo(T) 


ans = 


0.0083 

0.0013 

0.0044 

0.0054 

0.0037 

0.0013 

0.0829 

-0.0007 

-0.0158 

-0.0031 

0-0044 

-0.0007 

0.0044 

0.0053 

0.0024 

0.0054 

-0.0158 

0.0053 

0.0120 

0.0045 

0.0037 

-0-0031 

0.0024 

0.0045 

0.0047 


Uj 


A 


It's a shame that there is no option that let us choose if we want the biased or non-biased 
covariance matrix! 
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Random variable generation 

Generate and manage random variables in MATLAB is a huge subject especially if you don't 
have the Statistical Toolbox... We will see now the idea behind what is available in the core 
version of MATLAB. 

First the rand command by default will give you a uniform distributed random variable. If 
you want to restart the random generator use the command rng('default'): 


MATLAB Command Window 


t» rand 
ans = 

0.8147 
t» rand 
ans = 

0.9058 

» rng( 1 default 1 ) 
» rand 

ans = 

0.8147 

t» rand 

ans = 

0.9058 


□ 51*1 

iS 


u 


A 


The rand is also a function rand(). You can pass it the number of rows and columns of 
random variables that you want: 


t yoi 


MATLAB Command Window 


» mean(rand(1 000000 , 1 )) 
ans = 

0.5000 


—3 


LJ 


A 
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As far as I know there is no native function to simulate a uniform random variable in a given 
range. For this purpose you the following approach: 


MATLAB Command Window 


» a=0; %min 
» b=25; %max 

» rnd=a+(b-a).*rand(10,1); 
» rnd 

rnd = 

20.3681 
22.6448 
3.1747 
22.8344 
15.8090 
2.4385 
6.9625 
13.6720 
23.9377 
24.1222 


—Z 


Uj 


J 


We can generate then vector columns but also matrices of random values: 


MATLAB Command Window 


hme\ 


» Ru=rand(4,1) 
Ru = 

0.6463 
0.7094 
0.7547 
0.2760 


Z 


<: 


> Rm=rand(4,4) 
Rm = 

0.6797 
0.6551 
0.1626 
0.1190 


0.4984 

0.9597 

0.3404 

0.5853 


0.2238 

0.7513 

0.2551 

0.5060 


0.6991 

0.8909 

0.9593 

0.5472 


Lu 


J 


We can define a status for the random generator to be able to replicate the randomized values 
using the function rng(): 
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MATLAB Command Window BUST HU | 

' MATLAB Command Window 1 'f~ | 

» rng(123) 

» rand 

» rng(123) 

» rand 

ans = 

ans = 

0.6965 

0.6965 

» rand(4,1) 

» rand(4,1) 

ans = 

ans = 

0.2861 

0.2861 

0.2269 

0.2269 

0.5513 

0.5513 

0.7195 

0.7195 

» 

» 

„ ,,,,, 



L l 1 M 
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The core version of MATLAB has also the possibility to generate and random Normal 
centered reduced variable with the function randn( ) and if you use the you mathematical 
knowledge in the fact you can generate any Normal random variable: 



You can also generate random integer value between two ranges (very useful!) with the 
function randi(): 
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But what can you do if you want simulate a random variable that is out of the box of the 
MATLAB core version? 

Then you just have to play with you knowledge of statistics. Imagine we want of example to 
simulate a chi-square random variable. 

We know that: 


z 2 k =f(x,k) 


k/ 2-1 -x/2 


[0+oo[ 


2 kn r 




\^j 


Thus: 




MATLAB Command Window 


» x=0:O.01:8; 
k=2" 

» chi=((x . A (k/2-1)).*exp(-x/2))/(2 A (k/2)*gamma(k/2)); 
» plot(x,chi) 


Li 


mmm 


3 




iable... 
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Use of constants (permanent variables) 

In MATLAB there are a few mathematical constants only: 


* MATLAB Command Window 


» pi 

ans = 

» exp(1) 
ans = 

i» inf 
ans = 

Inf 
i» NaN 
ans = 
NaN 


3.14159265358979 


2.71828182845905 


UJ 


ana 

“3 


A 


If you are a physicist this is an issue. A workaround is to create a new script file (the name 
doesn't really matter): 


< 


MATLAB Command Window 


> edit myConstants.m 


* MATLAB Editor 


M\3& 




El 


File C:\...d 5ettings\Administrateur\myConstants.m does not exist. 
Do you want to create it? 

I - Do not show this prompt again. 


Oui 


Non 


LJ 


J 
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Type in all the constants you use for your work: 



ved, open the file startup.m. 

- V - 

| MATLAB Command Window 

HUB 

» edit myConstants.m 

“3 

» edit startup-n 


» i 


Li 
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And call your script with your constants just by writing the script file name (if you don't 
specify the path that means that your file is in a MATLAB path): 


1 p Editor - C:\Documents and 5ettings\Administrateur\startu| 

EDITOR 

PUBLISH 

VIEW 

O o 1 

3 Lj Find Files 

Insert fx (r^j 


Compare ^ 

Comment % 

New Open Save 


T T 

Print ▼ 

Indent [>] ^ ^ 


FILE 

EDIT 

myConstants.m 

x | startup.m x 
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Working with strings 


Working with strings is very important especially when you work with charts or that you 
automate reporting. 

One of the first point to learn is to know different ways to add title rows to a matrix using a 
small trick with the function disp(): 


MATLAB Command Window 


■HE 


» t='Hello World' 
t = 

Hello World 

» disp(t) 

Hello World 


Jispf' 

Titre 1 

Titre 2 

Titre 3 

Titre 4 

Titre 1 

Titre 2 

Titre 3 

Titre 4 

Titre 5 

-0.O175 

-0.3288 

0.0231 

0.0031 

0.0006 

-0.1984 

-0.0204 

-0.1014 

-0.1061 

-0.0934 

0.1228 

0.1979 

0.1034 

0.0230 

0.0576 

-0.0350 

0.0634 

0.0385 

0.0544 

-0.0865 

-0.0003 

0.0181 

0.0234 

0.0405 

0.1256 

-0.0027 

-0.1722 

-0.0681 

-0.0236 

0.0156 

0.0214 

-0.1808 

0.0091 

0.0846 

0.0430 

0.1429 

0.1534 

0.0302 

0.0423 

0.0418 

0.0721 

-0.2323 

0.0273 

0.0156 

-0.0497 

-0.0348 

-0.2296 

0.0370 

0 

-0.0077 

-0.0394 

-0.5460 

-0.0751 

-0.0432 

-0.0150 

-0.0827 

0.5589 

-0.1109 

-0.3294 

-0.1028 


Titre 5');disp(T) 


Id 


Or if you want to display a link (ver 


A 



for documentation): 


Command Window 


>> disp ( 1 <a href = "http ://wuw.niathworks . coni">The MathUorks Ueto Site</a>') 
The MathUorks Ueto Site 


fx » 


Note: This doesn't work in the old style Command Window!!! 


rn't work 
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There is another official way to do the same using the function printmat(): 


^ MATLAB Command Window IBB 


» T=[-0.017516 -0.328775 0.023053 0.003086 0.000616; 
-0.198426 -0.020374 -0.1014156 -0.106059 -0.093423; 
0.122761 0.197863 0.103410 0.023046 0.057627; 
-0.034988 0.063419 0.038501 0.054376 -0.086538; 
-0.000267 0.018141 0.023415 0.040521 0.125614; 
-0.002667 -0.172160 -0.060057 -0.023602 0.015586; 
0.021390 -0.180791 0.009128 0.084602 0.042971; 
0.142932 0.153366 0.030151 0.042345 0.041789; 
0.072148 -0.232346 0.027317 0.015608 -0.049718; 
-0.034822 -0.229599 0.037037 0 -0.007729; 

-0.039398 -0.545980 -0.075092 -0.043158 -0.014979 ; 


-0.082719 0.558855 

-0.110891 

-0.329373 - 

0.102798] ; 



» printmat(T,'test' 

,num2str(1 

:size(T)), 1 

Titrel Titre2 

Titre3 Titre4 

Titre5'); 

test = 

Titrel 

Titre2 

Titre3 

Titre4 

Titre5 

1 

0.01752 

-0.32877 

0.02305 

0.00309 

0.00062 

2 

0.19843 

-0.02037 

-0.10142 

-0.10606 

-0.09342 

3 

0.12276 

0.19786 

0.10341 

0.02305 

0.05763 

4 

0.03499 

0.06342 

0.03850 

0.05438 

-0.08654 

5 

0.00027 

0.01814 

0.02341 

0.04052 

0.12561 

6 

0.00267 

-0.17216 

-0.06006 

-0.02360 

0.01559 

7 

0.02139 

-0.18079 

0.00913 

0.08460 

0.04297 

8 

0.14293 

0.15337 

0.03015 

0.04235 

0.04179 

9 

0.07215 

-0.23235 

0.02732 

0.01561 

-0.04972 

10 

0.03482 

-0.22960 

0.03704 

0 

-0.00773 

11 

0.03940 

-0.54598 

-0.07509 

-0.04316 

-0.01498 

12 

0.08272 

0.55885 

-0.11089 

-0.32937 

-0.10280 



If we want to extract a substring of string remember that strings are also vectors by default: 
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Now what about manipulating cell array that by default are made to contain strings? 

First we can remove non desired spaces using the strtrim( ) function or force lower or 
uppercase respectively with the functions lower( ) or upper(): 



A typical operation is to concatenate strings together. If you do that using the both functions 
disp( ) dans strcat( ) the blank spaces will be removed as you can see below. But if you use a 
vector of strings then everything will be allright!: 
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Something also useful sometimes is to replace a word by another one using the function 

strrep(): 


MATLAB Command Window Hlsl E 



' Hello World* 

^ » strrep(t, 'Hello', 'Goodbye') 

D 

! ans = 

: Goodbye Uorldf 
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Sometimes it can be useful to search a character or a word in a string or even in if it exists in a 
cell array. You can achieve this respectively thanks to the functions strfind( ) and 
ismember(): 
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As you can see we can also use strfind( ) to search in a cell array but output is not very nice. 
Otherwise the functions strcmp( ) and strmatch( ) do almost the same with the difference 
that strmatch( ) is case sensitive: 
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The function strsplit( ) is also sometimes useful when you create GUI and a field where 
people can input multiples values at once. The problem is that you must not forget to convert 
the values to numerics using after the cell array function str2num(): 


ZEE] 



□ 


» t 


t = 

Hello World? 

» word=strsplit(t) 
word = 

‘Hello 1 •World?' 

» data = '1.21, 1.985, 1.955, 2.015, 1.885'; 

» udata=strsplit(data,', ') 

udata = 

'1.21' '1.985' '1.955' '2.015' '1.885' 

» sum(udata) 

Undefined function 'sun' for input arguments of type 'cell'. 
» udata=cellfun(@str2num,udata) 
udata = 

1.2100 1.9850 1.9550 2.0150 1.8850 

» sum(udata) 
ans = 


9.0500 


UJ 


» 
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Working with dates 

Working with dates is something also very important because most softwares and peoples 
around the world don't respect ISO norms... 

Let us see first the different way to obtain the actual time using the commands clock and date 
together with the functions datestr( ) and datenum(): 
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We can also have a look at the biggest and smallest date available in MATLAB by playing 
with datestr(): 



These poor limits ca be problematic for astronomers...! 

We can also play with the command now to get the actual date and time and if you want to get 
only the date or only the time you will have to play with the functions floor( ) and rem(): 
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Here you can see the real full output of the command now and another way to get the time + 
the seconds: 



It is also very interesting to see what happens when you pass a date trough the function 
datevec() and also how to build a sequence of dates using datevec() in association with 

datenum() and datestr(): 



MATLAB 


190/1357 
















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Even when the dates are given in some horrible format you can still give a formatting 
argument to the function datevec() so that it can recognize the date pattern of you original 
datas: 


MATLAB Command Window 


» u={ '20081125' ' 20081126 ' ' 20081127 ' '20081128'} 
u = 

'20081125' '20081126' '20081127' '20081128' 

» dateuec(u,'yyyymmdd') 
ans = 



2 008 

11 

25 

0 

0 

0 

2 008 

11 

26 

0 

0 

0 

2 008 

11 

27 

0 

0 

0 

2 008 

11 

28 

0 

0 

0 


» datenum(dateuec(u,'yyyymmdd')) 
ans = 

733737 
733738 
733739 
733740 


UJ 


A 
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Like in Microsoft Excel or any other spreadsheet software the core version of MATLAB has 
sum elementary extraction dates functions like day(), weekday(), month* ) and year(): 


MATLAB Command Window 


» day(date) 
ans = 

5 

» weekday(date) 
ans = 

S 

» [d n]=weekday(date) 


n = 

Thu 

» [d n]=weekday(date, 1 local 1 ) 
d = 

5 

n = 

Jeu. 

» month(date) 
ans = 

6 

» year(date) 
ans = 

2014 

» weeknum(date) 
ans = 

23 

» %weeknum is only in financial toolbox_ 


BBS 





Lni 


J 





Another typical calculation is to calculate the number of days remaining until the end of the 
month using the function eomday(): 


mm 


MATLAB Command Window 



I » day_renaining=eonday(2014, 6)-day(date) 
dayrenaining = 

25 




UJ 


J 


MATLAB 


192/1357 


















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


If you need it you can generate small textual calendar in the Command Window using the 
function calendar(): 


MATLAB Command Window 


» calendar(2014,6) 



s 

M 

Tu 

Jun 2014 
U 

Th 

F 

S 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


UJ 


id 


There is also an important function to add a given time unit to a given date using the function 

addtodate(): 


MATLAB Command Window 


□S3 




t = datenum( 1 O7-Apr-2008 23:00:00'); 
» datestr(t) 

ans = 

07-Apr-2008 23:00:00 

» t= addtodate(t, 2, 'hour'); 

» datestr(t) 

ans = 

08-Apr-2008 01:00:00 


Uj 


id 
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A famous function when you want to test the efficiency of you code is to use the tic and toe 
commands: 



m3 


» tic ;factor(10);toc 


3 


Elapsed time is 0.036127 seconds. 

» tic;factor(10O);toc 

Elapsed time is 0.OO0508 seconds. 

» tic;factor(1000);toc 

Elapsed time is 0.000586 seconds. 

» tic;factor(10000);toc 
Elapsed time is 0.000582 seconds. 

» tic;factor(10O000);toc 
Elapsed time is O.0O1780 seconds. 

» tic;factor(1OOOOOO);toc 
Elapsed time is O.0O0841 seconds. 

» tic;factor(10000000);toc 
Elapsed time is 0.001097 seconds. 

» tic;factor(1 00000000 );toc 
Elapsed time is 0.001702 seconds. 

» tic;factor(1 000000000 );toc 
Elapsed time is 0.003375 seconds. 

» tic;factor(1 0000000000 );toc 
Elapsed time is O.0O9201 seconds. 

» tic;factor(100000000000);toc 
Elapsed time is 0.024743 seconds. 

» tic;factor(1 000000000000 );toc 
Elapsed time is O.O80236 seconds. 

» tic;factor(1000000000O000);toc 
Elapsed time is 0.244432 seconds. 

» tic;factor(100000000000O00);toc 
Elapsed time is 0.833425 seconds. 

» tic;factor(100000000000O000);toc 
Elapsed time is 2.976997 seconds. 

» tic;factor(10000000000000000);toc 
Error using factor (line 27) 

The maximum ualue of n allowed is ELINTMAX. 


LU 


» 
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Important practical cases 

This like a FAQ (frequently asked question) for which MATLAB doesn't seems to have built- 
in functions. 

Convertyear/month/day matrix as dates 

Suppose we have a matrix with 3 columns, each column contains respectively years, months 
and days. To convert this into standard dates it is in fact very easy. We just have to use the 
function datenum() and datestr(): 




» M=[2O00 01 01 ;2004 12 31;1999 06 30] 


M = 


2000 
2 004 
1999 


1 

12 

6 


1 

31 

30 


» datenum(M) 
ans = 

730486 
732312 
73 03 01 

» datestr(datenum(M)) 
ans = 

01-Jan-2000 

31-Dec-2004 

30-Jun-1999 
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Difference in milliseconds/seconds between 2 dates 

In high frequency trading we need to calculate the number of milliseconds between two times. 
Supposing that we have two dates in a non-normalized format, we want to calculate the 
milliseconds between the both times. For this we will use the functions etime(): 


MATLAB Command Window 


» date1= 1 March 28, 2012 11:51:00.88'; 

» date2= 1 March 28, 2012 11:51:00.99'; 

» t1=dateuec(datel, 1 mruim dd, yyyy HH:MM:SS.FFF 1 ); 
» t2=dateuec(date2,'luinn dd, yyyy HH:MM:SS.FFF 1 ); 
» etine(t2,t1) 

ans = 

0.1100 

» %diFFerence in milliseconds between two dates*| 



Or if we are just interested to the number of seconds: 


MATLAB Command Window 


» date1='March 28, 2012 11:51:00'; 

» date2='March 28, 2012 11:51:55'; 

» tl=dateuec(datel,'mmmm dd, yyyy HH:MM:SS'); 
» t2=dateuec(date2,'mmmm dd, yyyy HH:MM:SS'); 
» etime(t2,t1) 

ans = 

55 

» ^number of seconds between two dates? 
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or to the number of minutes by just dividing by 60...: 


MATLAB Command Window 


» date1=' March 28, 2012 11 :51:00’; 

» date2= 1 March 28, 2012 11 :52:30’; 

» t1=dateuec(date1,'mmmm dd, yyyy HH:MM:SS'); 
» t2=dateuec(date2,'mmmm dd, yyyy HH:MM:SS‘); 
» etine(t2,t1)/G0 

ans = 

1.5000 

» ^number of minutes between two dates? 




Or the number of hours by dividing once again by 60...: 


MATLAB Command Window 


» date1='March 28, 2012 11:51:00'; 

» date2='March 28, 2012 23:51:00'; 

» t1=dateuec(date1,'mmmm dd, yyyy HH:MM:SS'); 
» t2=dateuec(date2,'mmmm dd, yyyy HH:MM:SS'); 
» etime(t2,t1)/6O/60 

ans = 

12 

» %number of hours between two dates 
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Or the number of day by dividing by 24 the number of hours...: 


MATLAB Command Window 

BETH 

» date1=' March 28, 2012 11 :51:00’; 

» date2= 1 March 30, 2012 23:51:00’; 

» t1=dateuec(date1,'mruim dd, yyyy HH:MM:SS'); 

» t2=dateuec(date2, ’vnvnriri dd, yyyy HH:MM:SS‘); 

» etine(t2,t1)/60/60/24 

ans = 

2.5000 

-z 

» ^number of days between two dates? 

jii 



Now for months and years it begins to be a little bit more complicates without Toolbox or 
scripting... 

Converting POSIX Time to MATLAB's datenum format 

POSIX time (also called unix or epoch time) is the number of seconds which have elapsed 
since January 1, 1970 GMT, which is referred to as the ‘epoch’. The main advantage of this 
unit of time is that it represents the same instance in time around the globe, regardless of time 
zone. 

MATLAB uses serial date numbers to represent time. A MATLAB serial date number is 
defined as the number of days (and fraction thereof) which have elapsed since January 1, 
0000. Unlike POSIX times, this value is not absolute; ie: these timestamps represent different 
moments in time, depending on the time zone. 



1 posixTime=1251470973; 

2 

3 %Get the serial date number representing the POSIX epoch 

4 epoch=datenum(1970,1,1,0,0,0); 

5 

6 ^Divide the timestamp you want to convert by the number of seconds in a day 

7 posixDays=posixTime/ (6O*|60*24) ; 

8 

9 %Add this value to the serial date number representing the epoch 

10 ts=epoch+posixDays 

11 

12 %Use datestr to format this value as a stringified date to confirm 

13 tsString=datestr(ts) 
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We get as result the correct one (you can control that easily with any worksheet software): 


Command Window 


ts = 


7.3401e+05 


tsString = 

2 S-Aug-2 009 14:49:33 
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Simple user interactions 

Message boxes 

Later when we will learn to write scripts it will be necessary to interact with the user. The 
most common elementary function for this purpose is to use the function msgbox() that has 
three different logos (warn, help, error). 

Here is a demo first withe the warn logo: 



Remark: It is possible to customize the icon with an external image but at this step it is not a 
good idea because the image won't follow your script if you don't create a package (toolbox). 

Now an example with the help logo and the result of a calculation: 



Remark: You can't add nice equations in a message box without the Symbolic Toolbox... 
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The user can still write behind the message box in the leight Command Window. To block the 
user make the message modal as following but it works only in the MATLAB GUI...: 


S& „ ... 


p - ► C: ► 


Command Window 

>> % In the MATLAB GUI you can make a msgbox that avoid the user to type commands 
>> %in the Command Window still he doesn't clic on rr OK rr 
>> msgbox ({ 1 Click "OK" to unblock your MATLAB session 1 }, ... 

1 MATLAB 1 , 1 error 1 , 1 modal 1 ) 

fx » 





All others user interactions that we will se below (inputdlg, listdlg, etc.) are "modal" in the 
MATLAB GUI by default! 

Input 

Now let us see a very basic way to ask the user for an input using the Command Windows and 
the function input( ). See also the trap specific to dates that you have to define as string input: 
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Input Dialog 

The previous input( ) function needs the Command Windows to be open. This is not a good 
thing. A much more interesting alternative is to use the inputdlg( ) function: 


MATLAB Command Window 


» prompts'Enter start date (VVYV-MM-AA)Enter finish date (YYYY-MM-AA):'>; 
» dlg_title='Input demo'; 

» def={datestr(date),datestr(datenum(date)+18)>; 

» answer = inputdlgCprompt,dlg_title,1,def); 




And here you can see the result of the input: 



rrs 


A 


MATLAB 


202/1357 




























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


But it's still not right (see the dates! the format does not correspond). We can correct this 
using our knowledge on dates functions: 


S id sL H ^ £? E 


prompt={ 1 Enter start date (YYYY-HM-AA) : 1 , 1 Enter finish date (YYYY-MM-AA) : 1 }; 
def={ datestr (date, 1 vyyy-imi-dd 1 ) , . . . 

datestr(addtodate[now,eomday(year(date) ,month(date))-day(date) , 1 day 1 ), 1 yyyy-mm-dd 1 )}; 
answer=inputdig(prompt, 1 HATLAB 1 ,1,def); 


Then we get: 


That's it! 



Let us see what is the purpose of the last argument of the inputdlg( ) function: 


the input 


MATLAB Command Window 


» answer = inputdlg( 1 Type a remark for the final report,dlg_title,1O); 


mmm 


±1 


*J Input demo w&m 


Type a remark for the final report: 


U 


OK 


_ M 

Cancel 


A 
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Or we can also control the width of the inputdlg field: 



As you can see the input written by the user will be in a cell array we can see the content of 
this cell array by using a classic technic or by using the celldisp( ) function: 
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UI set color 


Another very useful user interaction is the uisetcolor command that gives the possibility to 
the user to choose a color when you build automated charts: 


MATLAB Command Window 


mmm 


» col=uisetcolor 


Uj 


m 

■□□□□□■ 

■■■■□□■ 
■■■■■■■ 

3pnnnnnn 
□□□□■■ 
□□□□■■ 
□□□□■■ 
□□□□■■ 
□□□□■■ 

More Colors... 


OK 


Cancel 




A 


When the user choose a color the result will be the following: 


MATLAB Command Window 


» col=uisetcolor 
col = 

1 0 0 


3HEI 




Uj 


J 
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UIsave 

As for the previous interactions options you will also need with some scripts to save all 
variables of the current MATLAB session in a *.mat file. 

For this we can use the uisave() function: 


MATLAB Command Window 


□U<J 


» datToday=date 
datToday = 
-Jun-2014 
» T 
T = 


Save Workspace Variables 


Enregistrer dans: Imp 


-0.0175 

-0.3288 

0.0231 

0.0031 

0.00 

-0.1984 

-0.0204 

-0.1014 

-0.1061 

-0.09 

0.1228 

0.1979 

0.1034 

0.0230 

0.05 

-0.0350 

0.0634 

0.0385 k 

0.0544 

-0.08 

-0.0003 

0.0181 

0.0234 

0.0405 

0.12 

-0.0027 

-0.1722 

-0.06 01 

-0.0236 

0.01 

0.0214 

-0.1808 

0.0091 

0.0846 

0.04 

0.1429 

0.1534 

0.0302 

0.0423 

0.04 

0.0721 

-0.2323 

0.0273 

0.0156 

-0.04 

-0.0348 

-0.2296 

0.0370 

0 

-0.00 

-0.0394 

-0.5460 

-0.0751 

-0.0432 

-0.01 

-0.0827 

0.5589 

-0.1109 

-0.3294 

-0.10 


» uisaoe({'dat_today','T*},'Ci/tmp/uariables'); 



| MAT-files (“.mat) 


UI open 

It can also be sometimes useful to ask the user interactively which *.mat or *.fig he wants to 
open with the command uiopen(). The 'figure' doesn't mean we want the user to be able to 
open only figures but just that MATLAB show us the dialog window to open files with by 
default the *.fig activated: 


FA MATLAB Command Window 


» uiopen('figure') 


Regarder dans : ^ Imp 


“3 <= b # m- 



variables.mat 


Nom du fichier: 
Fichiers de type: 


l±l 



mmm 


^3 
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If we select a *.mat file instead of a *.fig it will work: 


MATLAB Command Window 


HUE] 




» uiopen ( 1 figure 1 ) 

Variables created in current workspace. 


Ul 


A 


The uiopen() function has also other arguments to filter the visible filetypes. As you can see 
in the help of the command: 


MATLAB Command Window 


Examples: 

uiopen % displays the dialog with the file filter set to all MATLAB 
%files. 

uiopen( 1 matlab 1 ) ^displays the dialog with the file 
%filter set to all MATLAB files. 

uiopen( 1 load 1 ) ^displays the dialog with the file filter set to 
%MAT-files (*.mat). 

uiopen('figure') ^displays the dialog with the file filter set to 
^figure files (*.fig). 

uiopen('simulink') ^displays the dialog with the file filter set to 
%model files (*.mdl,*.slx). 

uiopen('editor') ^displays the dialog with the file filter set to 
%"A11 MATLAB files". This filters out binary 
^formats: .mat, -fig, .six. 

%A11 files are opened in the MATLAB Editor. 


iL 






A 
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We can also force the open dialog window to show a given folder by default: 


MATLAB Command Window 


» uiopen('C:\tnp\') 


m®m 


13 


lopen 


HQ 

Regarder dans : | & tnnp 

z\ +■ E & 



Mes documents 
recents 


Mes documents 




Norn du fichier: 
Fichiers de type: 


|All MATLAB files 


u 

1 


Ouvrir 


Annuler 


UI get dir 




A 


The need to as the user a target director with the function uigetdir() is something very 
common when you develop MATLAB applications to ask the user where he wants to store the 
reports: 


E MATLAB Command Window 


BOB 


» dnane = uigetdir('C :\'); 


U 


Rechercher un dossier 


Select Directory to Open 




-] w Disque local (C:) 

S) 7ad4aff3O043c78e74a833 
E (Si Documents and Settings 
E Si Inetpub 
E (Si MAPI_£^4 
3 (Si oradexe 
3 (Si Program Files 

&BI 


u 

J 


3 


Dossier : 


| tmp 

Creer un nouveau dossier 


Annuler 


Ul 
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As you can see the result will be a simple string: 


MATLAB Command Window 


dnane 
» dname 

dnane = 

C:\tnp 


= uigetdir('C; 


MM 

~ 3 


UJ 




Wait bar 


y 


A functionality that is request a lot by MATLAB users but slow down scripts a lot is to show 
a wait bar to the user of you application. 

Below you can see a very simple stupid usage of the waitbar() function that starts at 60% 
then after 3 seconds jump to 60%+40% and do a beep and after close: 


IS 


^ 


1 

2 

3 

4 

5 

6 

7 

8 


x=iJ . 6; 


dlgWait=waitbar(x,[ 1 I 
pause(3); 
x=x+0.4; 

uaitbar(x,dlgWait,[ 1 I 

beep; 

pause(3); 

close (dlgWait) ;| 



m loading. 


m loading. 


nuni2str (x*100) 


nuni2str (x*100) 


1 % so far 


1 % so far 
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The wait bar will look like this: 



And here is a more real typical example of the use of the wait bar in a loop: 



1 - 

2 - 

3 - 

4 - 

5 

6 - 

7 - 

8 - 
9 - 


h = uaitbar(0, 1 Please wait 
tic 

steps = 1000; 

E tor step = 1:steps 

% computations take place here 
uaitbar(step / steps) 

end 

close(h) 
toe 
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And here you can see the execution time with a wait bar: 


MATLAB Command Window 






» testMaitBar 

Elapsed tine is 4.808175 seconds. 

» I 




w6. 


And now let us deactivate the wait bar: 


0 Editor - C:\Documents and 5ettings\Administrateur\Mes documents ., 


EDITOR 


PUBLISH 


p=j j Find Files 
ii Compare 

New Open Save 

t t t S_j Print ▼ 


Insert fx 
Comment % _£? 


Indent frl 


Fii 



FILE 

EDIT 

NAVI 

is mi a 

<3? 

- © 



| testWaitBar.m 

X 



1 hh = waitbar (0, 1 Please wait 

2 - tic 

3 - steps = 1000; 

4 - Rfor step = l:steps 

5 % computations take place here 

6 ^waitbar(step / steps) 

7 - *-end 

3 %close(h) 

9 - toe 


and see the execution time...: 


MATLAB 


211/1357 





















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


*') MATLAB Command Window 

HiTH 

» testWaitBar 
Elapsed time is 
» testWaitBar 
Elapsed time is 

» 1 

4.808175 seconds. 

0.000034 seconds. 

B 



A 



no comment... 

Question dialog 

Another typical dialog is to ask a question to the user and retrieve its answer. This can easily 
be done thanks to the function questdlg(): 


P 


Editor - C:\Documents and 5ettings\Administrateur\Mes documents .MATLAB .Question.m 


EDITOR 


PUBLISH 




UJ Find Files 
ii Compare 


New Open Save 
▼ t L : —j Print 


Insert jR, fx Ffil 
Comment % $$ 

Indent [j] £|| 


. si 

i^X) Go To ▼ 

Breakpoints 
Find ^ » 


[> & 

Run Run and 
Time 


FILE EDIT NAVIGATE BREAKPOINTS 

nb ioi - ~ _ B 

| Question.m 

1 - dlgQuestion=questdlg ( 1 Voulez-vous vuaiment fermer le logiciel? 1 f . . . 

2 1 Question 1 , 1 OUI 1 , 1 NON 1 , 1 Peut-etue 1 , 1 OUI 1 ) ; 

3 - switch dlgQuestion 

4- case 'OUI' 

5 - Exit; 

6 - case 1 Peut-etre 1 

7 - disp( 1 On attend done 

8 - end 

9 



Run a 
Advar 

RUN 
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This will result in: 



and the answer will be automatically managed by the switch... case.... structure! 

Menu 

When you make charts it is many times useful to ask the users the unit scale he wants to see 
for the axes or the export format for automated reports. For this purpose one possibility is to 
create a menu using the function... menu(): 


P Editor - C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\Menu.m 


EDITOR 




Lj Find Files 
ii Compare ▼ 


New Open Save 

^ t t ^ Print 


FILE 


Insert [=3, fr ^3 
Comment % 

Indent Jf] £|| (j^ 
EDIT 


£> £ 

cj>|j Go To ▼ 

LJ. Find 


Breakpoints 


t> (§> ? 

Run Run and Rur 
T Time Adv 


NAVIGATE BREAKPOINTS 


IS 




| Menu.n 


1 - dlgMenu=menu( 1 2 3 4 5 6 7 * 9 10 11 Choose a unit: 1 , 1 days 1 , 1 hours 1 , 1 minutes 1 , 1 seconds 1 ) 

2 - switch dlgMenu 

3 - case 1 

4 - disp( 1 Jours 1 ) 

5 - case 2 

6 - disp( 1 heures 1 ) 

7 - case 3 

3 - disp( 1 minutes 1 ) 

9 - case 4 

10 - disp( 1 secondes 1 ) 

11 - 


end 
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This will give: 


MATLAB Command Window 




Menu 


Uj 


- MENU 


HHHI 


Choose a unit: 
days 


hours 


minutes 


seconds 




■I 




id 




and the answer will be automatically managed by the switc , 
it below: 


MATLAB Command Window 


» Menu 
heures 

» I 


re as you can see 


□ns 










_ 


iTa 
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List dialog 

An alternative to the menu is to create a list dialog using the function listdlg() but this last 
option has something more... the user can make multiples choices if you want to let him do it. 



1 - strLegend={ 1 Select Anything (single selection) 

2 - lstChoices={ 1 days 1 , 1 hours 1 , 1 minutes 1 , 1 seconds 1 }; 

3 - result=listdlg( 1 Promptstring 1 ,strLegend, 1 ListSize 1 , [300 100], . . . 

4 1 Liststring 1 ,IstChoices, 1 SelectionHode 1 , 1 single 1 ); 

5 - disp( 1 Select Item index: '); 

6 - disp(result) 

The result will look like this: 




And as for the menu, this function returns the choosen index numbers: 
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Send E-mail 

Another very common request is to send automatically e-mail trough MATLAB to warn 
financial portfolio manager of some events. Here is a typical script that you can use and 
customize depending on your needs that is based on the sendmail() core function: 


EDITOR PUBLISH VIEW 

m 

Ini .... H $> B 

1 

% Define these variables appropriately: 


2 

- mail address = 'isoz@sciences.ch 1 ; % My E-Mail Address 


3 

- user name = 1 isos' ; % My Username 


4 

- password = 'mypassword' ; % My E-Mail Password 


5 

- smtp server = 'mail.infomaniah.net 1 ; % My SMTP Server 


D 

7 

% Then this code will set up the preferences properly: 


3 

- setpref[ 1 Internet' , 'E mail', mail address); 


9 

- setpref(' Internet' , 'SMTP Username', user name); 


10 

- setpref[ 1 Internet' , 'SMTP Password', password); 


11 

- setpref( 1 Internet' , 'SMTP Server', smtp server); 


12 

- props = java.lang.System.getProperties; 


13 

- props . setProperty (' mail. smtp .|auth' , 'true'); 


14 

- props.setProperty( 'mail.smtp.socketFactory.class' , 'javax.net.ssl.SSLSocketFactory' ); 

15 

- props.setProperty(' mail.smtp.socketFactory.port' , '465'); 


16 



17 

% Send the email with carriage return in body text (10) and attachments 


13 

1 sendmail( 'mymail@somedomain.com' , 'Mail from MATLAB', ... 


19 

['Linel of message' 10 'Line2 of message' 10 ... 


20 

'Line3 of message' 10 'Line4 of message'], ... 


21 

{'report.doc', 'chart.jpg'}) 
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Data management 


We will se here important stuff about data management in MATLAB without the use on any 
toolboxes like managing variables workspaces, importing/exporting *.csv or *.xls, *.xlsx 


files. 


MATLAB files (*.mat and *.m) 


This part is more a refresh than anything else on how to save a current variable workspaces 
and reload it again: 


mzi 





» intUariable=1 


intUariable = 

1 

» saue 

Saving to: C:\Documents and Settings\Administrateur\matlab.mat 

» saue myUariables.mat 
» clear all 

» load myUariables.mat 

» intUariable O 

intUariable = 


1 


» 


UJ 
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And also how to take a lock to the memory usage and defragment it: 


MATLAB Command Window 


To get started, type one of these: helpuin, helpdesk, or demo. 
For product information, visit uuu.mathuorks.com. 


» A=rand(4888); 

» B=rand(4888); 

» memory 

Maximum possible array: 
Memory auailable for all 
Memory used by MATLAB: 
Physical Memory (RAM): 


□nn 

mm 


891 MB (9 
arrays: 1 

570 MB (5.07Se 
2199 MB (2.306e 


9.347e+B8 bgtes) * 

11197 MB (1.255e+B9 bytes)| ** 


bytes) 

89 bytes) 


Limited by contiguous virtual address space auailable. 

** Limited by virtual address space available, 
pack 

» memory 

Maximum possible array: 891 MB (9.347e+B8 bytes) * 

Memory available for all arrays: | 12B5 MB (1.264e+B9 bytes)| 
Memory used by MATLAB: 578 MB (57? 

Physical Memory (RAM): 


578 MB (5_976e+B8 bytes) 
2199 MB (2.3B6e+B9 bytes) 


Limited by contiguous virtual address space available. 
** Limited by virtual address space available. 


bJ 

If we create a script: 


MATLAB Command Window 


A 



» edit c:/tmp/monScript.n 







Uj 


mi 
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and that we write the following very simple stuff: 


Editor - C:\tmp\monScript.m 


EDITOR 


PUBLISH 


VIEW 



Save Section Section 
with Title 

FILE INSERT SECTION 
monScript.m x 


<p> Hyperlink 
2 Inline LaTeX 

Monospaced 

INSERT INLINE MARKUP 


2 Bold 
J Italic 


1 Demo 

2 h Script de demo 

3 - intVariable=l; 

4 - msgbox ('Hello 1 ) ; 

5 




T 


And that we run it afterwards: 
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Then we can see that the variable intVariable is now in the workspace: 


MATLAB Command Window 


» edit ci/tmp/monScript. 
» run ci/tmp/monScript.r 
whos 

Name Size 


□HE] 


□ 


intUariable 


1x1 


Bytes Class 
8 double 


Attributes 


bJ 


A 


This is almost logic and not surprising that a variable into a script that is not a function can 
also be accessible from the current workspace. 


Manage working paths 


When you run a script or a function by default MATL. 
paths. 



ill look into all defined working 


For refresh remember that to see the actual main working path you have to use the command 

pwd: 



MATLAB Command Window 


□HE] 


pud 
ans = 


□I 


C:\Documents and Settings\Administrateur 


bJ 
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If you want to change this default path that is used especially for the startup.m and finish.m 
script files you how to customize the MATLAB shortcut as shown on the next page: 




MATLAB R2013a 


Ouvrir 

Executer en tant que... 
7-Zip ► 


Envoyer vers ► 



Make a right click on the shortcut and go into its properties and after in the shortcut register 
change the property Start in (the -nodesktop is facultative): 
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Then you will see that the current main working path has changed: 


MATLAB Command Window 


To get started, type one of these: helpuin, helpdesk, or demo. 
For product information, uisit uuu.mathuorks.com. 

» pud 

ans = 

C:\ 


nmzi 


ia 


Now that the default working path is change 
it: 


ange you can 


create or move your startup, m file into 


MATLAB Command Window 


mmm 

L edit startup.m 


3 

| MATLAB Editor E | 


3) 

File|0\jtartup.nn does not exist. 

Do you want to create it? 


k \ 

I - Do not show this prompt again. 


Oui 11 Non 







A 

L 
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And write whatever you want: 


| B Editor - C:\5tartup.m 

r 

EDITOR 

PUBLISH VIEW 

O a E 

D Qj Find Files 

Insert S 



|f5| Compare T 

Comment % 

New Open Save 



- 

r Print » 

Indent [^] ^ 



FILE 

EDIT 

| Startup.m x 


1 - 

cd c: 

\ tmp\| 

i 


and then if you close and restart MATLAB you 
executed automatically from its new location: 


see that the startup. 




will be 


r} MATLAB Command Window 

HBBI 

» pud 

-1 

ans = 


c:\tmp 


» 



................. hfl 
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You can also manage working paths with a convenient user-friendly tool called the "path 
tool" by typing pathtool in the Command Window: 


MATLAB Command Window 




» pathtool 


T3 


* J Set Path 


All changes take effect immediately. 


HUB 


Add Folder., 


Add with Subfolders.. 


Move to Top 


Move Up 


Move Down 


Move to Bottom 


Remove 


MATLAB search path: 


C:\Documents and Settings\Administrateur\Mes documents\MATLAB 


& C: \Program Files\MATLAB\R2013a\toolbox\hdlcoder\matlabhdlcoder\mal 
Q C: \Program Files\MATLAB\R2013a\toolbox\hdlcoder\matlabhdlcoder 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\testframework 
Q C: \Program Files\MATLAB\R2013a\toolbox\matlabxl\matlabxl 
& C: \Program Files\MATLAB\R2013a\toolbox\matlabxl\matlabxldemos 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\demos 
Q C: \Program Files\MATLAB\R2013a\toolbox\matlab\graph2d 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\graph3d 
& C: \Program Files\MATLW b\R 2013a\toolbox\matlab\graphics 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\plottools 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\scribe 
Q C: \Program Files\MATLAB\R2013a\toolbox\matlab\specgraph 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\uitools 
Pii C:\Program Files\MATLAB\R2013a\toolbox\local 
& C: \Program Files\MATLAB\R2013a\toolbox\matlab\optimfun 
^Pmnrflm Filp^MATI AR^R?m 3fl^tnnlhny^mflHflh^rnrlfitnnk 


3 


?T' 




Save 


Close 


Revert 


Default 


Help 




J 


It is very easy to use thus there is nothing special t<f say. If you prefer to remove a Toolbox by 
a command you can still use: 


*;i MATLAB Command Window 


%to disable 
» saued_path=path; 

» rnpath([matlabroot 
%to restore 
» path(sauedpath) 


'\toolbox\synbolic\synbolic']) 


Uj 


/a 
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If you type the command path you will see the list of all active paths in you MATLAB: 


* J MATLAB R2013a 

HOME 


PLOTS 

APRS 


SHORTCUTS 


© * 

o 

LJ Find Files 

& 

a 

^ New Variable 

/ Open Variable ▼ 

Clear Workspace ^ 

Analyze Code 

‘i ■ Run and Time 

New New 

Open 

riji Compare 

Import 

Save 

Script T 

T 


Data 

Workspace 

Clear Commands ▼ 


FILE 



VARIABLE 

CODE : 



B 






>> path 


h 


MATLABPATH 

\ Documents and Sett ings\ Administrateur\Has documents\MATLAB 
\ Program Files\ MATLAB\ R2 013a\ toolbox\ hdlcGder\mat latihdlcGder\mat Is 
\ Program Files\ MATLAB\ R2013a\ toolbox\ hdlcoder\mat laJohdlcoder 
\ Program Files\ MATLAB\ R2013a\ tooltoox\mat lahi\ testf rameuork: 

\ Program Files\ MATLAB\ R2 013a\ toolbox\mat laiDxl\mat latoxl 
\ Program Files\ MATLAB\ R2013a\ tooltoox\mat lahixl\mat lahxldemos 
\ Program Files\ MATLAB\ R2013a\ toolbox\mat lati\ demos 
\ Program Files\ MATLAB\ R2013a\ tooltoox\mat lahi\ graph2d 
\ Program Files\ MATLAB\ R2 013a\ toolbox\mat lati\ graph3d 
\ Program Files\ MATLAB\ R2013a\ tooltoox\mat lahi\ graphics 
\ Program Files\ MATLAB\ R2 013a\ toolbox\mat lati\ plottools 
\ Program Files\ MATLAB\ R2013a\ tooltoox\matlahi\ scribe 
\ Program Files\ MATLAB\ R2 013a\ toolbox\mat lati\ specgraph 
\ Program Files\ MATLAB\ R2013a\ toolbox\mat lahi\ uitools 
\Program Files\ MATLAB\ R2013a\toolbox\local 
\ Program Files\ MATLAB\ R2013a\ toolbox\mat lahi\ optimf un 
\ Program Files\ MATLAB \ R2 013a\ toolbox\mat lati\ code tools 
\ Program Files\ MATLAB\ R2013a\ toolbox\mat lahi\ dataf un 


and if you want to save the status of your news paths for a future session of MATLAB you 
will have to not forget to type the command savepath: 


MATLAB Command Window 

HBQI 

» sauepath 

A 

» 


Jj 

A 
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At any moment you can restore MATLAB defautl factory working paths if necessary by 
typing the command restoredefaultpath: 


MATLAB Command Window 


» restoredefaultpath 

» 



U 


Browse and manage folders and files 

When you create scripts that autogenerate reports it can be useful to open for the user the 
folder where all reports were saved. You can easily do that thanks to the command winopen: 



MATLAB Command Window 




PfaE - 

» uinopen C: 

» 

:/tnp 

3 


fi* tmp 


E 

1 □ I x| 



Fichier Edition Affichage 

Favoris Outils ? 


9 1 



Precedente t ^ t 

Rechercher Dossiers 




Adresse |tD C:\tmp 


jd 0 OK 






0 objet(s) 

0 octets 

J Poste de travail 

A 


Lj 





m 


V 
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To list all the files in a given folder just use the command Is like in UNIX: 


» Is c:\tmp 


MATLAB Command Window 


Is 


iL 


J 


HH3 

3 


GeneticAlgorithmsOptimization.m Thumbs .db 
PointsLagrange.ri 


monScript.m startup.m 


J 


You can also store the list of files and folders in a vector to use it later for treatment purposes 
in your future scripts: 



MATLAB Command Window 


» liste=ls( 1 c:\ 1 ) 
liste = 

7ad4aff30043c78e74a883 
AUTOEXEC.BAT 
Bootfont.bin 
CONFIG.SVS 

Documents and Settings 
10.SVS 
Inetpub 
MAPLEU4 
MSDOS.SVS 
MSOCache 
NTDETECT.COM 
Program Files 
RECVCLER 

System Uolume Information 
WINDOWS 
boot.ini 
ntldr 
oraclexe 
pagefile .sys 
tmp 

watcom-1.3 
xampp 

» liste(3,:) 

ans = 

Bootfont.bin 


HEIH 




bJ 


J 
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If you use the command what instead of Is you will get only MATLAB files type: 


MATLAB Command Window 


» what c:\ 

» what c:\tmp\ 

MATLAB Code files in folder c:\tmp\ 
monScript startup 


I 


u 


You can also check if a file already exists or n 



MATLAB Command Window 


» exist( 1 C:\tnp\startup.n 1 , 'file') 
ans = 

2 

» exist( 1 C:\tmp\inexist.m', 'file') 
ans = 

0 




A 


I- ln|x 

n 
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If you use the command which with a file name or a function name this command will give 
you in which working path is stored the corresponding script: 


MATLAB Command Window 

HBB 

» which 1 monScript.n 1 
C:\tmp\monScript.n 

a 

» | 


* 1 


1—J — 1 I 


You can also delete a file using the command delete: 



The problem is that the file will be definitively deleted. If you want to activate the recycle bin 
you have to activate it by using the command recycle('on'): 


( 


MATLAB Command Window 


HHE] 


> recycle( 1 on 1 ) 
delete c:\tmp\monScript.m 

>> 




Uj 
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You can also create folders by using the UNIX mkdir command: 


MATLAB Command Window 


» mkdir c:\tmp\tesl 

» 




31 


u 


|fii tmp 



P 


Fichier Edition Affichage Favoris Outils ? 

1 * 1 

Precedente t t 

Rechercher 

Dossiers 


Adresse J|£j C:\tmp 



0OK 

D~ 


startup, m 

MATLAB Code 

1 Ko 



2 objet(s) (Espace disque disponible : : 

16.6 Go) 

66 octets 

J Poste de travail 



A 


Or remove (delete) a folder by using the UNIX rmdir command. 

But there is a small trap. If you try to simple use the command you will get an error message: 
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To avoid this you have to pass the parameter 's' to the command like this: 


MATLAB Command Window 



019^1 

» rndir('ci/tnp/test','s') 

» 

~3 


to tmp 


H 




Fichier Edition Affichage Favoris 

Outils ? 


ft 



Precedente ▼ 

Rechercher Dossiers 

a x ” 



Adresse |(£) C:\tmp 


Zj I0OK 



A startup.m 

MATLAB Code 

1 Ko 



1 objet(s) 

66 octets 

J Poste de travail 



2d 





A 


You can also need when you develop applications with MATLAB to move files from a folder 
to the other one. For this purpose you can just use the function movefile(): 


MATLAB Command Window 


» movefile( 1 c:\tnp\nonScript.m', 1 c:\Script.m') 

» 


mmm 




1 tmp 

WIFE 

Fichier Edition Affichage 

Favor w 

ft 

l^j^ Precedente t J * 


» 

Adresse ||£( C:\tmp 

£j 0OK 

A startup.m 



MATLAB Code 



1 Ko 



1 ( 66 octets J Poste de travail 

mil 


I^Disque local (C:) 

E 


Fichier Edition Affichage 

Favo >J 

ft 

Precedente t J * 


» 

Adresse -^C:\ 

"31 0 OK 

|‘ j xampp 


“31 


F 

1 66 octets J Poste de travail 


Script.m 
MATLAB Code 
1 Ko 


zi 


A 


Ui 


A 
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And if instead of opening a folder with reports you want to open the reports themself just use 
the command open: 
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Import/Export csv files 


We will see here how to import *.csv files without using the import wizard of MATLAB but 
just by using the Command Window. 


Import very clean local csv files (with comas, without headers, without 
texts, without dates) 


The command csvreadf) can't import a file with semi-colons or with headers or with texts or 
with dates. 


You must have a file with comas and numerical values only: 


Sales_01.csv - Bloc-notes 


Fichier Edition Format Affichage ? 


100,1,12,1650,19503 
123,2,2,2299,4593 
109,3,5,2690,13450 

104.4.3.3190, 9570 
117,5,13,1650,21128.25 

103.6.2.2690, 5380 

104.7.2.3190, 6380 
111,8,4,2299,9196 
113,9,4,1650, 6600 
116,10,2,2299,4598 
110,11,6,3190,18852.9 

112.12.6.1650.9751.5 
123,13,6,2299,13537. 09 

113.14.3.2690, 8070 
115,15,3,1650,13002 
124,16,3,3190,25137.2 
124,17,11,1650,17377. 75 
106,13,11,3190,34563.65 
101,19,14,1650,22753. 5 
116,20,7,2299,15351. 605 
112,21,6,2690,15397. 9 

125.22.23.1650.36311.5 
100,23,3,2299, 6897 
125,24,2,3190,6330 

Ld 



A 


Then you just have to 




d csvread() to import the datas into a matrix: 
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+") MATLAB Command Window BBS 


» oeryclean = csoread('c:\tnp\Sales_01.csu') 
ueryclean = 

1.00+04 * 


0.0100 

0.0001 

0.0012 

0.1650 

1 .9503 

0.0123 

0.0002 

0.0002 

0.2299 

0.4598 

0.01 09 

0.0003 

0.0005 

0.2690 

1.3450 

0.01 04 

0.0004 

0.0003 

0.3190 

0.9570 

0.0117 

0.0005 

0.0013 

0.1650 

2.1128 

0.01 03 

0.0006 

0.0002 

0.2690 

0.5380 

0.01 04 

0.0007 

0.0002 

0.3190 

0.6380 

0.0111 

0.0008 

0.0004 

0.2299 

0.9196 

0.0113 

0.0009 

0.0004 

0.1650 

0.6600 

0.0116 

0.0010 

0.0002 

0.2299 

0.4598 

0.0110 

0.0011 

0.0006 

0.3190 

1.8853 

0.0112 

0.0012 

0.0006 

0.1650 

0.9751 

0.0123 

0.0013 

0.0006 

0.2299 

1.3587 

0.0113 

0.0014 

0.0003 

0.2690 

0.8070 

0.0115 

0.0015 

0.0008 

0.1650 

1 .3002 

0.0124 

0.0016 

0.0008 

0.3190 

2.5137 

0.0124 

0.0017 

0.0011 

0.1650 

1 .7878 

0.01 06 

0.0018 

0.0011 

0.3190 

3.4564 

0.01 01 

0.0019 

0.0014 

0.1650 

2.2754 

0.0116 

0.0020 

0.0007 

0.2299 

1 .5852 



As you can see it's a matrix: 



And you can like any other matrices take a subset: 
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| • MATLAB Command Window 



\ 

mmm 

» csuData(1:10,1:4) 




■ 

ans = 







100 

1 

12 

1650 



123 

2 

2 

2299 



109 

3 

5 

2690 



104 

4 

3 

3190 



117 

5 

13 

1650 



103 

6 

2 

2690 



104 

7 

2 

3190 



111 

8 

4 

2299 



113 

9 

4 

1650 



116 

10 

2 

2299 


» | 






L±l 2AA 
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Import clean local csv files (with semi-colons, with headers, without text, 
without dates) 

Now we will see that the function importadata() can manage a few more things than 
csvread() but still can't import files with strings or dates. 


Consider the following file: 



The result will be easy to manage because it results in a structure: 


> MATLAB Command Window 







rial 

X 

» clean=importdata('c: 
» clean 

\tmp\Sales_02.csu'„ 

' ;M); 





— 

clean = 









data: [109x6 double] 
textdata: { 'Ncommande' 

NClient' 

'flctiuite' 

'Article' 

'PrixParPiece' 

'Rabais'> 



colheaders: {'Ncommande' 

NClient' 

'flctiuite' 

'Article' 

'PrixParPiece' 

'Rabais 1 > 



» clean.colheaders 









ans = 









'Ncommande' 'NClient' 

'flctiuite' 'Article' 'PrixParPiece' 'Rabais' 



» clean.data 









ans = 









1.Oe+84 * 









0.0001 0.0100 

0.0001 

0.0012 

O.1650 

1 .9503 





0.0002 0.0123 

0.0002 

0.0002 

0.2299 

0.4598 





0.0003 0.0109 

0.0003 

0.0005 

0.2690 

1.3450 





0.0004 0.0104 

0.0004 

0.0003 

0.3190 

0.9570 





0.0005 0.0117 

0.0005 

0.0013 

0.1650 

2.1128 





0.0006 0.0103 

0.0006 

0.0002 

0.2690 

0.5380 





0.0007 0.0104 

0.0007 

0.0002 

0.3190 

0.6380 





0.0008 0.0111 

0.0008 

0.0004 

0.2299 

0.9196 



A 

Uj 
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Import local csv files (with semi-colons, with headers, with text, with 
dates) 


The most easy way to import typical csv files is to use the function fopen() associated with 
textscan(). Consider as example the following file: 
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Now the commands below tells textscan() how is each row in your csv file to be converted 
to. %f means "64 bit double" and %s means "string" so for example: 

'%f%f%f%s %s' 

means "3 doubles followed by 2 strings". For tab separated files the delimiter is char(9) 


MATLAB Command Window 


|n|x| 

» fid=fopen('c:/tmp/Sales_03.csu'); 

» data=textscan(fid, 1 ,'HeaderLines',1,'Delimiter',';'); 

» fclose(fid); 

» data 

data = 


Columns 1 through 

4 





[109x1 double] 

<109x1 cell} 

[109x1 

double] 

<109x1 

cell} 

Columns 5 through 

8 





<109x1 cell} 

[109x1 double] 

[109x1 

double] 

<109x1 

cell} 

Columns 9 through 

10 





[109x1 double] 

<109x1 cell} 





whos data 

Name Size 

Bytes 

Class 

Attributes 



data 1x10 

46956 

[cell | 





Lu 


J 


* MATLAB Comman. 

..mm h 

MATLAB Command ... HI 3 01 

» format short 
» data< 1 } 

ans = 

g — 

» data< 2 } 

ans = 

'Assurances' 

100 

— 

'Machines/Outils' — 

123 


'Education 1 

109 


1 Education 1 

104 


1 Banques 1 

117 


'Assurances' 

103 


'Education 1 

104 


'Alimentaire 1 

111 


'Construction 1 

113 


'Pharmaceutique 1 

116 


'Distribution 1 

110 


'Machines/Outils' 

112 


'Machines/Outils' 

123 


'Construction 1 

113 


'Distribution 1 

115 


1 Education 1 

124 


1 Education 1 

124 


'Construction 1 

106 


'Construction 1 

101 

A 

'Pharmaceutique 1 ^1 


a in 


» data<4} 

ans = 

1 03.01 
1 03.01 
1 03.01 
1 03.01 
' 04.01 
1 04.01 
1 04.01 
1 04.01 
1 04.01 
1 04.01 
1 05.01 
1 05.01 
1 05.01 

■ 05.01 

■ 05.01 

■ 05.01 

■ 05.01 

■ 05.01 

■ 05.01 
1 06.01 


.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
.2 000 1 
. 2000 ' 
.2 000 1 
.2 000 1 
. 2000 ' 
. 2000 ' 




A 


As you can see it the content is imported as a cell array! 
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We can style make calculations on numerical columns: 


MATLAB Command Window 


» intQuantiteTotal=sum(data{6>) 
intQuantiteTotal 
884 



LJ 

And convert dates strings into real dates using classical conversion technical 

□si* 


MATLAB Command Window 


» datenuvn(dateuec(data{4}, 1 dd .mm.yyyy 1 )) 
ans = 


730488 

730488 

730488 

730488 

730489 

730489 

730489 

730489 



U 


J 
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Merge csv files 

You can normally always merge various files content. 


Suppose we have the following file: 


and another one: 


P& YieldsPart_l.csv - Bloc-notes 

□51x1 

Fichier Edition Format Affichage ? 

Date; Yi el d 

735753;0.37773732 

735759;0.224335631 

3 


735760;0.364824763 
735761;0.643732919 
735762; 0. 543994949 
735763;0.203255565 
735764;0.375943039 
735765;0.100717315 
735766;0.76965732 
735767;0.14760503 
735763;0.665739144 
735769;0.703157471 
735770;0.339373777 
735771;0.392166315 
735772;0.029640051 


m 


w 



P& YieldsPart_2.csv - Bloc-notes 


Fichier Edition Format Affichage ? 



Date; Yi 
735773; 
735774; 
735775; 
735776; 
735777; 
735773; 
735779; 
735730; 
735731; 
735732; 
735733; 
735734; 
735735; 
735736; 
735737; 


el d 

0.620461524 
0.450111653 
0.51737023 
0.366600033 
0.023037094 
0.437049537 
0.353653736 
0.95191342 
0.771265732 
0.492377997 
0.51201509 
0.696934042 
0.61063763 
0.534795134 
0.134325457 




UJ 


bI 
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We import the data and merge them together using classical matrices technics: 



FILE 

EDIT 

NAVIGATE 

BREAKPOINTS 

RUN 

IS ESI 

m ^ . B 






EDITOR 

O a IHI 

New Open Save 


G3 Find Files 

Compare 
S Print ” 


Insert fx [dfj] 
Comment ^ ^ ||j 


Indent fTl 


£ £ 

cp»j) Go To - 

Find 


0 §> 


Breakpoints Run 


Run and Run and 
Time Advance 


1 clc;clear all 

2 fid=fopen( 1 c:/tmp/YieldsPart_l.csv 1 ); 

3 datal=textscan(fid, 1 HiHi 1 , 1 HeaderLines 1 ,1, 1 Delimiter 

4 fclose(fid); 

5 fid=fopen('c: /tmp/Yields?art_2.csv 1 ); 

6 data2=textscan(fid, 1 Hi Hi 1 , 1 HeaderLines 1 f l r 1 Delimiter 

7 fclose(fid); 

3 Ml=[datal{1},datal{2}]; 

9 M2 =[data2{ 1} ,data2{2} ]; 

10 M=vertcat(HI, H2) ; 

11 format short g 

12 disp(M); 

13 


The technic is the same for cell arrays. Here is a small example as refresh: 
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Import web csv files (with semi-colons, with headers, with text, with 
dates) 

One very common task in academics labs is to import csv files from an URL. Suppose we 
have the following file on an external web server: 




Une ligne de debut avec du texte inutile 
et une deuxieme ligne inutile... 

N° Client;Activite;N° de Commande;Date de commande;Article;Quantite;Prix par piece;Rabais%;Prix total avec rabais;Facture payee 
100;Assurances;l ;03.01.2000 10:19;Compaq Presario 100;12;1650;1.50%;19503;0ui 
123 ;M achine s/Outils ;2;03.01.2000 07:03;IBM 500;2;2299;0.00%;4593;0ui 

109 ;Education;3;03.01.2000 14:35;AST Intel 150;5;2690;0.00%;13450;0ui 
104;Educ ation;4;03.01.2000 04:14;AST Intel 200 ;3 ;3190 ;0.00% ,95 70 ;Oui 

117;Banques;5;04.01.2000 16:25;Compaq Presaiio 100;13;1650;1,50%;21123.25;Oui 
103 ;Assurances;6;04.01.2000 11:01 ;AST Intel 150;2;2690;0.00%;53S0;Oui 
104,Educ ation,7,04.01.2000 21:30;AST Intel 200,2,3190,0.00% ,6330 ,Oui 
11 l;Alimentaire;3;04.01.2000 02:20;IBM 500;4;2299;0.00%;9196;0ui 
113;Construction;9;04.01.2000 23:06;CompaqPresario 100;4;1650;0.00%;6600;0ui 
116 ;Pharmac eutique ; 10 ;04.01.2000 16 : 14;IBM 500 ;2 ;2299 ;0.00% ;459S ;Oui 

110 ;Distribution; 11 ;05.01.2000 14:21 ;AST Intel 200 ;6 ;3190; 1.50%; 13352.9 ;Oui 

112 ;Machines/Outils; 12 ;05.01.2000 03:29;Compaq Presaiio 100;6;1650;1.50%;9751.5;0ui 
123 ;M achine s/Outils; 13 ;05.01.2000 16:22 ;IBM 500 ;6 ;!2299; 1.50%; 13587.09 ;Oui 
113;Construction;14;05.01.2000 16:09;AST Intel 150;3;2690;0.00%;3070;0ui 

115 ^Distribution, 15 ;05.01.2000 01:47 ,C omp aq Pre s ario 100 ,8, 1650,1.50%, 13002 ,Oui 
124;Educ ation; 16 ;05.01.2000 21:13; AST Intel200;8;3190;1.50%;25137.2;0ui 

124;Educ ation; 17 ;05.01.2000 01:43 ;C omp aq Pre s ario 100; 11; 1650; 1.50%; 17377.75 ;Oui 
106;Construction;13;05.01.2000 14:16;AST Intel 200;11 ;3190;1,50%;34563.65;Oui 
101 ;Construction;19;05.01.2000 17:34;Compaq Presario 100;14;1650;1,50%;22753.5;Non 

116 ;Pharmac eutique ;20 ;06 .01.2000 23:05 ;IBM 500 ;7 ;2299; 1.50%; 15351 .605 ;N on 

112 ;M achine s/Outils ;21 ;06.01.2000 12:40; AST Intel 150 ;6 ;2690; 1.50%; 15897.9 ;Oui 
125;Construction;22;06.01.2000 23:18;Compaq Presario 100;23; 1650;3.00%;36S 11,5;Oui 
100,Assurances,23;06.01.2000 06:43,IBM 500,3,2299,0.00%,6397,0ui 
125;Construction;24;06.01.2000 10:16;AST Intel 200;2;3190;0.00%;6380;0ui 
104;Education;25;07.01.2000 15:12;AST Intel 150;12;2690;1.50%;31795.3;0ui 
126 ;M achine s/Outils ;26;07.01.2000 16:10;AST Intel 150;24;2690;3.00%;62623.2;0ui 
121 ;Pharmaceutique;27;07.01.2000 21:49;IBM 500;8;2299;1,50%;181 16.12;Non 
114;Distribution;28;07.01.2000 14:23;AST Intel200;9;3190;1.50%;23279.35;0ui 
103;Assurances;29;07.01.2000 07:31 ;CompaqPresario 100;6;1650;1 ,50%;9751,5;Oui 
125;Construction;30;07.01.2000 13:42;AST Intel 200;4;3190;0.00%;12760;0ui 
120,Banques,31,10.01.2000 15:59,AST Intel 150,2,2690,0.00%,5330,0ui 
111; Alimentaire ;32; 10.01.2000 08:57 ;C omp aq Pre s ario 100; 16 ; 1650 ;3.00% ;25608 ;Oui 





csvDcnnees csv - Bloc-notes 


Fichier Edition Format Affkhaqe ? 
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To import it we just use the function urlread() associated to the function textscan() and we 
get a cell array: 


+"} MATLAB Command Window 


» fid=urlread('http://www.sciences.ch/csuDonnees .csu'); 

data=textscan(fid, '%f%s%f%s%s%f%f%s%f%s' ,' HeaderLines ' [,3 ,| ‘ Delimiter' ,' ;'); 
» data 


data = 

Columns 1 through 4 

[109x1 double] <109x1 cell} 

Columns 5 through 8 

<109x1 cell} [109x1 double] 
Columns 9 through 10 

[109x1 double] <109x1 cell} 




[109x1 double] <109x1 cell} 


[109x1 double] <109x1 cell} 


i 


LlI 


A 


Import from Yahoo Finance 

Without scripting or without Toolboxes (especially the MathWorks Datafeed Toolbox) 
importing data from yahoo finance is annoying. 

First see some descriptions: 

https://code.google.eom/p/yahoo-finance-managed/wiki/csvOuotesDownload 

And here is an example: 


4 MATLAB Command Window 


BETH 


» %last value Google 

» fid=urlread('http://download.finance.yahoo.com/d/quotes.csu?s=%40%5EDJI,G00G&f=nsl1op') 
fid = 

"Google Inc.","GOOG",567.88,569.99,568.77 
» %many values Apple 

» fid=urlread('http://ichart.finance.yahoo.com/table.csu?s=aapl&a=O0&b=O1&c=2Oil&d=03&e=O4&f=&ignore=.csu '); 
» size(fid) 
ans = 

1 49274 

» fid(1,1:10) 
ans = 

Date,Open, 

» fid(1,lilOO) 
ans = 

Date ,Open,High,Low,Close,Uolume,Adj Close 
2014-08-11,95.27,96.08,94.84,95.99,36490300,95.99 
2014-08- 

» %we need a script to clean this text vector_ 


Ll! 


M 
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Here is the most esthetic way I have found until today for this purpose: 



MATLAB Command Window HU 


» url='http://ichart.finance.yahoo.com/table.csu?s=aapl&a=00&b=01&c=2011&d=03&e=04&f=&ignore=.csu'; _ 
» fid=urlread(url); 

» urlurite(url,'C:\tmp\data.csu'); 

» mydata=dataset('File','C:\tmp\data.csu','Delimiter■,',■); 

Uarning: Variable names uere modified to make them ualid MATLAB identifiers. 

> In genualidnames at 81 

In @dataset\priuate\setuarnames at 40 
In dataset.readFile at 237 
In dataset.dataset>dataset.dataset at 351 
» mydata(1:10,1:6) 

ans = 


Date 

Open 

High 

Lou 

Close 

Volume 

' 2014-08-29' 

102.86 

102.9 

102.2 

102.5 

4.4567e+07 

■2014-08-28' 

101.59 

102.78 

101.56 

102.25 

6.839e+07 

■2014-08-27' 

1 01.02 

102.57 

100.7 

102.13 

4.6827e+07 

' 2014-08-26' 

101.42 

101.5 

100.86 

100.89 

3.312e+07 

'2014-08-25' 

101.79 

102.17 

101 .28 

101.54 

4.0145e+07 

'2014-08-22' 

100.29 

101.47 

100.19 

101.32 

4.41O2e+07 

'2014-08-21 1 

100.57 

100.94 

100.11 

100.58 

3.3422e+07 

'2014-08-20' 

100.44 

1 01.09 

99.95 

100.57 

5.2613e+07 

'2014-08-19' 

99.41 

100.68 

99.32 

100.53 

6.9275e+07 

■2014-08-18' 

98.49 

99.37 

97.98 

99.16 

4.7572e+07 


hi 
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Otherwise to get last communicate Gold value from Yahoo in US$: 


MATLAB Command Window 


fid=urlread('http://download.finance.yahoo.com/d/quotes.csu?s=XAUUSD=X&f=sl1d1t1clohgu&e=.csu') ”3 
fid = 

■■XfiUUSD=X ,, ,1222.10, ,, 12/12/2014 ,, , ,, 5:15pni ,, ,N/fi,N/(t,N/fi,N/n,N/fi 


u 


A 


iX ' v 

nk (the link can be 


Or better (it is not very hard) using the value from the German BundesBai 
found easily on Ouandl.com) 

http://www.bundesbank.de/cae/servlet/StatisticDownload?tsId=BBEX3.M.XA0.'USD.EA.AC 
.C07&its csvFormat=en&its fileFormat=csv&mc 


You get Gold values from: 


MATLAB Command Window 





» fid=urlread( 1 http://www.Bundesbank.de/cae/serulet/StatisticDownload?tsId=BBEK3.M ^1 
fid = 

,, ",BBEX3.M.XAU.USD.EA.AC.C07,BBEX3.M.XAU.USD.EA.AC.C07_FLAGS 

Price of gold in London / afternoon fixing * / 1 ounce of fine gold = USD _, 

unit,USD, 

unit multiplier,one, 

last update,2014-12-01 14:36:39, 

1950-01,34.730, 

1950-02,34.730, 

1950-03,34.730, 

1950-04,34.730, 

1950-05,34.730, 

1950-06,34.730, 

1950-07,34.730, 

1950-08,34.730, 

1950-09,34.730, 


A 


To today's date: 



MATLAB 


245/1357 


















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


MATLAB Command Window 


— H 


2013-11 ,1275.821 , 

2013- 12,1225.403, 

2014- 01 ,1244.795, 

2014-02,1300.975, 

2014-03,1336.083, 

2014-04,1299.000, 

2014-05,1287.525, 

2014-06,1279.095, 

2014-07,1310.967, 

2014-08,1295.988, 

2014-09,1238.818, 

2014-10,1222.489, 

2014-11,1176.300, 

""/'General: 1 ounce of fine gold = 31.1034768 g. * Since 1 April 1968, calculated 
ial (reserued for central banks) and a free market as a result of the Washington Ci 


<1 


Or some others feeds: 





MATLAB Command Window 


HlalEI 


» fid=urlread('http://dounload.finance.yahoo.eom/d/quotes.csu',_ 

'get',{'s', 'AAPL' , 'f', 'slldltlclohgu', '.csu'} ) 

fid = 

"AAPL",111.78,"12/19/2014","4:00pm",-0.87,112.03,113.24,111.66,88433136 

Q 

» fid=urlread('http://download.finance.yahoo_com/d/quotes.csu',_ 

■get',{'s', 'AAPL', 'f', 'nslldltlclohgu', 'e', '.csu'} ) 

fid = 

"Apple Inc.","AAPL",111.78,"12/19/2014","4:00pm",-0.87,112.03,113.24,111 .66,88433336 




Lu 



MATLAB 


246/1357 
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Export to csv file 

Now also something very important is to export manipulated data to a *.csv file. This can be 
done easily by using the function csvwrite(): 




And we will have the correct content: 


MATLAB 


247/1357 
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248/1357 
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Import/Export xls/xlsx (Microsoft Office Excel) files 

We will see here how to import *.xls or *.xlsx files without using the import wizard of 
MATLAB but just by using the Command Window. 


Import xls/xlsx local files 


Suppose we have the following Microsoft Excel file: 





MATLAB 


249/1357 
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To import simple the content but without titles and string columns we can simply use the 
xlsread() function: 


+) MATLAB Command Window 







HEIHI 

|» format short q 







Jk. 

\» data=xlsread('c:/tnp/Sales.xls'); 







» data 








data = 








Colunns 1 through 7 








100 

NaN 

1 

NaN 

NaN 

12 

1650 


123 

NaN 

2 

NaN 

NaN 

2 

2299 


189 

NaN 

3 

NaN 

NaN 

5 

2690 


104 

NaN 

4 

NaN 

NaN 

3 

3190 


117 

NaN 

5 

NaN 

NaN 

13 

1650 


103 

NaN 

6 

NaN 

NaN 

2 

2690 


104 

NaN 

7 

NaN 

NaN 

2 

3190 


111 

NaN 

8 

NaN 

NaN 

4 

2299 


113 

NaN 

9 

NaN 

NaN 

4 

1650 


116 

NaN 

10 

NaN 

NaN 

2 

2299 


110 

NaN 

11 

NaN 

NaN 

6 

3190 


112 

NaN 

12 

NaN 

NaN 

6 

1650 


123 

NaN 

13 

NaN 

NaN 

6 

2299 


113 

NaN 

14 

NaN 

NaN 

3 

2690 


115 

NaN 

15 

NaN 

NaN 

8 

1650 


124 

NaN 

16 

NaN 

NaN 

8 

3190 


124 

NaN 

17 

NaN 

NaN 

11 

1650 

1 








zl 

jJ 









If necessary you can specify the sheet to read by writing: 

myData = xlsread('c:/tmp/Sales.xls','Sheet1 ')■ 

This is an issue... but in fact there is a workaround because the function xlsread() returns 
multiples outputs as you can see below: 



MATLAB Command Window 


» format short g 

» [num,txt,raw] = xlsread('c:/tmp/Sales.xls'); 


l J 





MATLAB 


250/1357 
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* MATLAB Command Window 


» 

[nun. 

-txt. 

raw] = xlsread('c 

:/tmp/Sales.xls 1 ); 

» 

whos 

Name 

num 

Size 

Bytes 

Class Attributes 


num 


109x9 

7848 

double 

» 

whos 

Name 

txt 

Size 

Bytes 

Class Attributes 


txt 


110X10 

74410 

cell 

» 

whos 

Name 

raw 

Size 

Bytes 

Class Attributes 


raw 


110X10 

79642 

cell 


m\sm 


31 


UJ 


J 


Now we will use some tricks that are not very intuitive to merge quickly everyhting in a 
single cell array: 


MATLAB Command Window 


[num,txt,raw] = xlsread( 1 c:/tmp/Sales.xls'); 
data=nan(size(raw)); %make an empty cell array 

strtype = cellfun(@ischar,raw); %apply the ischar function to eoery element of raw 
data(^strtype) = cell2mat(raw(~strtype)); %copy ooer cells that are already numbers 
data(strtype) = str2double(raw(strtype)); %conuert non-numeric cells to numbers, then copy 



bd 


A 


MATLAB 


251/1357 
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Otherwise you can access to the content of the text cell array if you don't want to clean the 
data: 


MATLAB Command Window 


» length(txt(2:end f 2)) 
ans = 



109 

» txt(2 :end f 2) 
ans = 

1 Assurances 1 
1 Machines/Outils 1 
1 Education 1 
1 Education 1 
1 Banques 1 
1 Assurances 1 
1 Education 1 
1 Alimentaire 1 
1 Construction 1 
1 Pharmaceutique 1 
1 Distribution 1 
1 Machines/Outils 1 




Or directly to the num content for calculai 


lations: 




MATLAB 


252/1357 
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Export to xls/xlsx files 

Now also something very important is to export manipulated data to a *.csv file. This can be 
done easily by using the function xlswrite(): 



Note: To write in a specific sheet in a specific range just write: 



MATLAB 


253/1357 
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And we will have the correct content: 




MATLAB 


254/1357 
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Import data with the wizard 

There are some people that don't like to use the terminal to import data, they prefer to import 
using a WYSIWYG wizard. 

Thus in the Home ribbon click on the button Import Data: 


*' MATLAB R2013a 



SHORTCUTS 


U^i Find Files 


New New Open i^JCompare 
Script ^ t 


Import 

Data 


New Variable 
/ Open Variable ▼ 

Save 

Workspace y Clear Workspace 



FILE 

VARIABLE 

: L$j, jel 



: ‘v 3 ^ 

■ ** ► C: ► 

i 

h 

» 





Or if you want to start this wizard from the terminal use the command uiimport: 


MATLAB Command Window 



MATLAB 


255/1357 
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When the wizard start the first thing it ask you is to choose the file with the datas you want to 
import: 


MATLAB R2013a 


Import Data 


BB 


Regarder dans : | fr^i tmp 


■3 


s d«- 



^SalesJU.csv 
S|Sales_02.csv 
Sales 03.csv 
^YieldsPart l.csv 
I^YieldsPart_2.csv 




us 

Bui 


Simulinh 

Library 

SIMULIH 


Type : Fichier de valeurs separees par une virgule (CSV) Microsoft Office Excel 
Date de modification : 08.06.2014 23:47 
Taille : 309 octets 


Nom du fichier: 



1 Sales.xls 

3 

□uvrir 

[Recognized Data Files 

5 

Annuler 




MATLAB 


256/1357 





























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Once the data selected you get the Import Window with different option to import the 
selection as you can see below: 


^Import - C:\tmp\5ales.xls 

HSS 

VIEW 

® T 



ll, Matrix 
[U| Cell Array 


□ Convert 

T Spreadsheet dates to T datenum 

- 4 

Range: A2:J110 


□ Replace 

T unimportable cells with ▼ NaN 

- 4 

Variable Names Row: | 1~H 






Hah L£-ol- 





SELECTION 

IMPORTED DATA 



UN IMPORTABLE CELLS 



IS 


® B 


| Sales.xls 


A B C D E 

NClient Activite NCommande DateDeCo... Article 

Number ^CeW ’•'Number ’•'Number ^Cell 


F G 

Quantite PriHParPiece 


H 

Rabais 



•'Number 


•'Number 


•'Number 


PrixTotalA... FacturePay... 

''Number ^CeW T 


1 

NClient 

Activite 

NCommande 

DateDeCom... 

Article 

Quantite 

PrixParPiece 

Rabais 

PrixTotalAv... 

FacturePayee 

4 

2 

100 

Assurances 

1 

03.01.2000 

Compaq Pre... 

12 

1650 

0.0150 

19503 

Oui 


3 

123 

Machines/O... 

2 

03.01.2000 

IBM 500 

2 

2299 

0 

4598 

Oui 

J 

4 

109 

Education 

3 

03.01.2000 

AST Intel 150 

5 

2690 

0 

13450 

Oui 


5 

104 

Education 

4 

03.01.2000 

AST Intel 200 

3 

3190 

0 

9570 

Oui 


6 

117 

Banques 

5 

04.01.2000 

Compaq Pre... 

13 

1650 

0.0150 

2.1128e+04 

Oui 


7 

103 

Assurances 

6 

04.01.2000 

AST Intel 150 

2 

2690 

0 

5380 

Oui 


8 

104 

Education 

7 

04.01.2000 

AST Intel 200 

2 

3190 

0 

6380 

Oui 


9 

111 

Alimentaire 

8 

04.01.2000 

IBM 500 

4 

2299 

0 

9196 

Oui 


10 

113 

Construction 

9 

04.01.2000 

Compaq Pre... 

4 

1650 

0 

6600 

Oui 


11 

116 

Pharmaceut... 

10 

04,01,2000 

IBM 500 

2 

2299 

0 

4598 

Oui 


12 

110 

Distribution 

11 

05,01,2000 

AST Intel 200 

6 

3190 

0,0150 

1.8853e+04 

Oui 


13 

112 

Machines/O... 

12 

05,01,2000 

Compaq Pre... 

6 

1650 

0,0150 

9,7515e4-03 

Oui 


14 

123 

Machines/O... 

13 

05.01.2000 

IBM 500 

6 

2299 

0.0150 

1.358764-04 

Oui 


15 

113 

Construction 

14 

05.01.2000 

AST Intel 150 

3 

2690 

0 

8070 

Oui 

1 M 

1ft 

115 

Distribution 

15 

05.01.2000 

Comoao Pre... 

8 

1650 

0.0150 

13002 

Oui 


5ales 03 


If you select the option Import Data from the button Import Selection you will get first a 
small message: 





in 

- + 



l£ 


Import 

Selection ▼ 


The following variables were imported: 
NClient (109x0 

Activite (109x1) 

NCommande (109x1) 

more 


FacturePay.. 


Resulting in imported 10 vectors in 10 separated variables. 


MATLAB 


257/1357 
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See carefully that depending on the type of variable you want to import your data in 
(Columm Vectors, Matrix, Cell Array or Dataset) the colors in the sheet will change to 
inform you to what will be converted (in green) and what will be replaced (in yellow) as you 
can see below: 


^Import - C:\tmp\5ales.xls 

mmn 

VIEW 

© T 


Range: A2:J110 
Variable Names Row: | 




MJl Column vectors 

i 

□ Convert 

T Spreadsheet dates to T datenum - + 

td Matrix 


□ Replace 

t unimportable cells with ▼ NaN - + 

\U\ Cell Array 





Import 

Selection 


IMPORTED DATA 


m 


uni 


£ B 


| Sales.xls 


Sales 


1 

NClient 

Activite 

NCommande 

DateDeCom... 

Article 

Quantite 

PrixParPiece 

Rabais 

PrixTotalAv... 

FacturePayee 

4 

2 

100 

Assurances 

1 

03.01.2000 

Compaq Pre... 

12 

1650 

0.0150 

19503 

Oui 


3 

123 

Machines/O,,, 

2 

03.01.2000 

IBM 500 

2 

2299 

0 

4598 

Oui 


4 

109 

Education 

3 

03.01.2000 

AST Intel 150 

5 

2690 

0 

13450 

Oui 


5 

104 

Education 

4 

03.01.2000 

AST Intel 200 

3 

3190 

0 

9570 

Oui 


6 

117 

Banques 

5 

04.01.2000 

Compaq Pre... 

13 

1650 

0.0150 

2.1128e+04 

Oui 


7 

103 

Assurances 

6 

04.01.2000 

AST Intel 150 

2 

2690 

0 

5380 

Oui 


8 

104 

Education 

7 

04.01.2000 

AST Intel 200 

2 

3190 

0 

6380 

Oui 


9 

111 

Alimentaire 

8 

04.01.2000 

IBM 500 

4 

2299 

0 

9196 

Oui 


10 

113 

Construction 

9 

04,01.2000 

Compaq Pre,,, 

4 

1650 

0 

6600 

Oui 


11 

116 

Pharmaceut... 

10 

04,01.2000 

IBM 500 

2 

2299 

0 

4598 

Oui 


12 

110 

Distribution 

11 

05,01.2000 

AST Intel 200 

6 

3190 

0,0150 

1.8853e+04 

Oui 


13 

112 

Machines/O,,, 

12 

05,01.2000 

Compaq Pre,,, 

6 

1650 

0,0150 

9.7515e+03 

Oui 


14 

123 

Machines/O... 

13 

05.01.2000 

IBM 500 

6 

2299 

0.0150 

1.3587e+04 

Oui 


15 

113 

Construction 

14 

05.01.2000 

AST Intel 150 

3 

2690 

0 

8070 

Oui 


16 

115 

Distribution 

15 

05.01.2000 

Compaq Pre... 

8 

1650 

0.0150 

13002 

Oui 

zi 

17 

124 

Education 

16 

05.01.2000 

AST Intel 200 

8 

3190 

0.0150 

2.5137e+04 

Oui 


Sales 03 


If you choose for example the structure Matrix and validate the import you will get a unique 
matrix with 10 columns but some columns will all be with NaN (the columns with strings that 
are in yellow above 



Import 

Selection ^ 


The following variables were imported: 
Sales (109x10) 


MATLAB 


258/1357 
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If you choose Cell Array as structure for sure... everything can be imported as you can see it 
below: 




MATLAB 


259/1357 
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If you select Dataset you will not be able to import dates if you don't choose to convert them 
as string: 



ABCDEFGHI J 

Sales 

NClient Activite NCommande DateDeCo... Article Quantite PriKParPiece Rabais PrixTotalA... FacturePay... 

Number ^Number ^Number ^Number ^Number ^Number ^Number ^Number ^Number ^Number ^ 


1 

NClient 

Activite 

NCommande 

DateDeCom... 

Article 

Quantite 

PrixParPiece 

Rabais 

PrixTotalAv... 

FacturePayee 

4 

2 

100 

Assurances 

1 

03.01.2000 

Compaq Pre... 

12 

1650 

0.0150 

19503 

Oui 


3 

123 

Machines/O... 

2 

03.01.2000 

IBM 500 

2 

2299 

0 

4598 

Oui 

l 

4 

109 

Education 

3 

03.01.2000 

AST Intel 150 

5 

2690 

0 

13450 

Oui 


5 

104 

Education 

4 

03.01.2000 

AST Intel 200 

3 

3190 

0 

9570 

Oui 


6 

117 

Eianques 

5 

04.01.2000 

Compaq Pre... 

13 

1650 

0.0150 

2.1128e+04 

Oui 


7 

103 

Assurances 

6 

04.01.2000 

AST Intel 150 

2 

2690 

0 

5380 

Oui 


8 

104 

Education 

7 

04.01.2000 

AST Intel 200 

2 

3190 

0 

6380 

Oui 


9 

111 

Alimentaire 

8 

04.01.2000 

IBM 500 

4 

2299 

0 

9196 

Oui 


10 

113 

Construction 

9 

04.01.2000 

Compaq Pre... 

4 

1650 

0 

6600 

Oui 


11 

116 

Pharmaceut... 

10 

04.01.2000 

IBM 500 

2 

2299 

0 

4598 

Oui 


12 

110 

Distribution 

11 

05.01.2000 

AST Intel 200 

6 

3190 

0.0150 

1,8853e+04 

Oui 


13 

112 

Machines/O... 

12 

05.01.2000 

Compaq Pre... 

6 

1650 

0.0150 

9.7515e+03 

Oui 


14 

123 

Machines/O... 

13 

05.01.2000 

IBM 500 

6 

2299 

0.0150 

1,3587e+04 

Oui 

d 

i e 

i ir 

C nnchKi irNnn 

14 

n<=. m ?nnn 

ART Tnhpl IRn 

R 

7MC\ 

n 

anvn 

n i ii 


\ Sales_03 | 


A dataset will also create only one unique variable in the workspace: 



- + 

- + 

Import 

Selection 

T 

1 

The following v| 
Sales fl09x10) 

[fables were imported: 


A 


MATLAB 


260/1357 
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The result will looks like this when you import as a dataset: 


MATLAB R2013a 







HOME 

PLOTS APPS 

SHORTCUTS 


JbearchDocumentation 

p B 

SJ ^ a 

New New Open 
Script » ^ 

Find Files . , t=i 

|2J Compare Import Save 

Data Workspace 

^ New Variable 

/ Open Variable ▼ 

i^J Clear Workspace 

[jsj? Analyze Code 

■ Run and Time 

» Clear Commands » 

|~T| Preferences 

S Set Path 

Simulink Layout 

Library ▼ ^Parallel ▼ 

RESOURCES 

w 

FILE 

VARIABLE 

CODE 

SIMULINK ENVIRONMENT 


■ © 'Ji_u iiu — 

. - e 






: * +• m p 

^ ► C: ► 





- 

>> Sales 






- 

Sales = 






— 

NClient 

Activite 

NCommande 

D at e D e C ommande 

Article 


Quant it 

100 

1 Assurances 1 

1 

7.3049e+05 

'Compaq Presario 

100' 

12 

123 

1 Machines/OutiIs 1 

2 

7.3049e+05 

1 IBM 500' 


2 

109 

1 Education 1 

3 

7.3049e+05 

'AST Intel 150' 


5 

104 

1 Education 1 

4 

7.3049e+05 

'AST Intel 200' 


3 

117 

1 Banques 1 

5 

7.3049e+05 

'Compaq Presario 

100' 

13 

103 

1 Assurances 1 

6 

7.3049e+05 

'AST Intel 150' 


2 

104 

1 Education 1 

7 

7.3049e+05 

'AST Intel 200' 


2 

111 

1 Alimentaire 1 

8 

7.3049e+05 

' IBM 500' 


4 

113 

1 Construction 1 

9 

7.3049e+05 

'Compaq Presario 

100' 

4 

116 

1 Pharmaceutique 1 

10 

7.3049e+05 

' IBM 500' 


2 

110 

1 Distribution 1 

11 

7.3049e+05 

'AST Intel 200' 


6 

112 

1 Machines/OutiIs 1 

12 

7.3049e+05 

'Compaq Presario 

100' 

6 

123 

1 Machines/OutiIs 1 

13 

7.3049e+05 

' IBM 500' 


6 

/x 113 

1 Construction 1 

14 

7.3049e+05 

'AST Intel 150' 


3 H 


A 


To access to a column the syntax is very similar to R: 



MATLAB 
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Charts 

A lot of people love charts and put charts everywhere in their job. You must first remember 
that for sure "one image says one thousand words" but in mathematics you can apply this 
quote only for ID, 2D, 3D and 4D charts but after... you have to go back to the reading of 
pure mathematical values. 


We will see in this chapter a lot of classical, typical charts in physics, signal processing and 
finance that don't require any toolboxes. The mains purpose of this chapter in facts is to show 
a lot of "hidden" tips in MATLAB and answer to most common questions of the users 
following my trainings. 

But first some fun... 


Demo 

In MATLAB there are some demo charts that can be useful to learn the 
example if you the command logo you will get...: 



For 


HOME 

^ Q '• 

New New C 
Script ▼ 

Find Files » v '. 

)pen Compare Import 

~ Data V\ 1 

FILE I 

© 



File Edit View Insert Tools Desktop Window Help 


□ q a ± | k I \ o ® ii - | a | □ b 


□ 


♦ ■ p •*> ► C: ► 

» logo 

ft » 



Community 
^ Request Support 
i£j Add-Ons ▼ 

RESOURCES 


MATLAB 


262/1357 
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And if you type the command spy: 


HOME 

PLOTS 

APPS r 

IS 

^ Find Files 

& - 

New New 

Open pfj Compare 

Import 

Script ▼ 


Data V\ 


FILE 


i S 

s ^ - m 



File Edit View Insert Tools Desktop Window Help 


Q & A £ 


o ® ® - | a i □ s \ 


□ 


$3 ► C: ► 


» logo 
» spy 

f* » 



Community 
^ Request Support 
1^1 Add-Ons ▼ 

RESOURCES 


Or graf3d: 




p]MATLAB R20 

13a 






HOME 

PLOTS 

APPS 

SHORTCUTS 


^Jsearch Documentation 



“ir 1 CD Q Find Files 


tjjA, New Variable 


3-D Plots in Handle Graphics 


Analyze Code 


New New Open ii Compare Irr i 
Script » D File Edit View Insert Tools Desktop WindowKiHelp 


ua j~pj (O) Preferences ^ ^ Community 

■ -|d|x| | Hpln ^2? Request Support 


Help 

» ^ Add-Ons ▼ 



RESOURCES 


Each of these charts can be edit and you have access to the source code to see how they were 
builded. 


MATLAB 


263/1357 
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If you type the command demo you will see a section Graphics: 





- . s 


£3 ^ ► C: ► 


■ » demo 

h » 


a> 

o 

a 


Search Documentation 

■ft MATLAB 

MATLAB Examples 


On this page... 


Getting Started 

Mathematics 

Graphics 

3-D \Oalization 

Programming 

Desktop Tools and Development Environment 
Creating Graphical User Interfaces 
External Interfaces 


file /Program Files/MATLAB/R2013a/help/matlab/examples/index. html#graphics 


I! IS 


I 


Community 
^ Request Support 
* Add-Ons ▼ 

RESOURCES 


with a lot of possible demo charts commands. For example the famous Lorenz attractor using 
the command lorenz: 


1* MATLAB R20: 

L3a 

1 

HOME 

PLOTS 

APPS 

SHORTCUTS 

I Search Documentation 


» lorenz 
fx » 


i ^ 3 g Find Files i^ I 

New New Open H_j Compare Import 

Script -r ▼ Data V 


® - - - - S> 



Community 
^ Request Support 
Add-Ons ▼ 

RESOURCES 


MATLAB 


264/1357 
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And as says before you can see the code source by using the well know command edit: 


MATLAB R20: 

13a 

HOME 

PLOTS APRS : 






Uj Find Files 




New New Open 

Script » » 

FILE 


Compare 


Import Save 
Data Workspace 


IS 






v 3 ^ jLi 


► C: ► 



1 

2 

3 

4 

5 - 

6 - 

7 - 

8 - 
9 

10 


13 

14 

15 

16 - 

17 

18 - 

19 - 

20 - 
21 

22 - 

23 - 

24 - 

25 

26 - 


function lorens(action) 


% The values of the global parameters are 
global SIGMA RHO BETA 
SIGMA = 10.; 

RHO = 28.; 

BETA = S./3.; 

% Possible actions: 

% initialize 
% close 

% Information regarding the play status will be held in 
% the axis user data according to the following table: 
play= 1; 

if nargin<l, 

action =l initialize 1 ; 

end 

switch action 

case 'initialize' 

oldFigNumber=watchon; 

figNumber=figure( ... 
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Data sets 

Otherwise if you want to play to create your own charts but you do not have any datasets to 
play with, MATLAB provides a few datasets in the folder demos of your hard drive: 



For example the small sunspot data set can be loaded with the simple well know command 

load: 
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Or for a more complicated example you can use the wind data set (we will use it a lot later in 
this book): 


- MATLAB R2013a 


mmfs 

HOME PLOTS APPS SHORTCUTS 

VIEW 

[search Documentation p | 


°P en ^ Rows Columns Transpose 

New from ^ Print ▼ Insert Delete Sort ▼ 

Selection 

_VARIABLE_SELECTION_EDIT_ 

14J loi - S 



fflu [\ |<35x41xl5 double > -13.7... 172 

gv |<35x41xl5 double > -47.3... 172 

Fgw |<35x41xl5 double> -1.3914 172 

FHx |<35x41xl5 double> 70.1879 172 

Ffly |<35x41xl5 double > 17.4999 172 

R]z |<35x41xl5 double> -0.0020 172 
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Chart wizard 


For users that don't like to write commands or script to create charts there is a chart wizard in 
MATLAB but for your information... you will be quickly limited if you learn only this way of 
doing charts. 

But this wizard is still sometimes useful to remember a simple code or command that we have 
forgotten and when we don't have an Interne access in our company to search for some help 
or documentation on Google. This is way it is still useful to have a quick look at it. 


For this purpose we will play with the old famous command peaks: 



V 
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OK let us start! 

First we import separately the matrices of the peak function as following: 


MATLAB R2013a 


HEIBI 

HOME 

PLOTS 

APPS SHORTCUTS 

Search Documentation p 



, r, .'s Variable Selected 


f\ 




mm 


plat Plat as mult... Plat as mult... bar 


PLOTS 


4j Reuse Figure 

New Figure 
pie 

OPTIONS 


55 ^ ... ^ B 


* + m P 


^ ► C: ► 


Command Window © 


Workspace 

© 

» [X Y Z]=peaks; 


Name L. 

Value 

f* » 



<49x49 double > 



±1 v 

<49x49 double > 



EEU 

<49x49 double > 




jJ 




As you can see we have three matrices (this is commonly named a "mesh grid" in the 
MATLAB world): 


Y 





Workspace 


Name 



k. 


Value 


<49x49 double > 
<49x49 double > 
<49x49 double > 
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Once this done you go in the ribbon PLOTS and select for example the surfc MATLAB 3-D 
surfaces: 


* MATLAB R2013a 


ilB| 

HOME 

PLOTS 

APRS SHORTCUTS 


Search Documentation p 

a 



You will get the following result: 


MATLAB R2013a 

HOME 

PLOTS 

APRS SHORTCUTS 


tH* 

bSz 


|*J Figure 1 




BHEJI 

File Edit View Insert Tools Desktop Window Help 




Q & d ^ 

k ® ^ S. - a 

□ B 

□ O 


: ® gj % 

~ f 

a 5^ 

^ ► C: 

Command Window 


» [X Y Z] =peaks; 
» mesh (X, Y, Z) 

» surfc (X,Y,Z) 

f* >> 




irf 
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Now if you go in the menu File/Generate Code...: 



MATLAB will give you automatically all the (awful) equivalent script that can reproduce this 
chart later automatically (I did not make a screenshot of this code because is very awful). 

& 
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Now to customize any chart, when you have the menu visible (because it can be hidden), one 
possibility is to go on the menu Edit/Figure Properties...: 


Figure 1 


File Edit View Insert Tools Desktop Window Help 


I- ini^xj 


Q 


Undo 

Ctrl+Z 

Redo 

Ctrl+Y ' 

1 Git' 

Ctrl+X 

Copy 

Ctrl+C 

Paste 

Ctrl+V 

Clear Clipboard 


Delete 


Select All 

| 

Copy Figure 


Copy Options... 


1 Figure Properties... | 

Axes Properties... ^ 

) 

Current Object Properties... 


Colormap... 


Find Files... 

Clear Figure 

~ 

Clear Command Window 


Clear Command History 


Clear Workspace 



« A - 

a 

□ B 

■ 0 
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Then the chart window will change a little bit and you will have hundreds of option to 
customize the chart as for example (see below) the background color of the chart or its 
colormap and also if you want the figure number to be visible or not in the tible bar of the 
windows, etc.: 





MATLAB 


273/1357 





























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


If you double click on the axis, the bottom part will change with other customization options 
that are sometimes very useful and important (for the people that don't like to script 
everything themselves!): 
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Or if you double click on the surface you can also change a few options: 


*) Figures - Figure 1: Demo 


File Edit View Insert Tools Debug DeskJtop Window Help 


^ ? x 




|=Tl 

'si 


□ B 


m m b sn 


| Figure 1: Demo ~| 
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If you click on the button More Properties... you will see a small Inspector window: 


Figure 1: Demo 


File Edit View Insert Tools Debug DeskJtop Window Help 


Bill 13 


^ ? X 


D ^ ta & ifiTI % ® ^ t | ch | □ ic 

II 


ffl m b c? n 


Inspector: graph3d.surface... HUB 


i ti -4 4 


j+! Base Properties 
E! Data 
El Lighting 
El Miscellaneous 
+1 Style/Appearance 





-4 -3 


© 


More Properties. 


Refresh Data 


1 — 31^“ 

"W 

— 1 


|none ^ | J 6.0 

"W 


-JL w 



a 
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Where you can change almost a hundred of properties for your charts (for example we 
changed here the transparency of the surface by playing the FaceAlpha property): 


Figures - Figure 1 


File Edit View Insert Tools Debug Desktop Window Help 


- |n| x| 

^ ? X 


H J £3 d £ \[k\ ^ ® & -1 a I □ H 


0 


sms b n 


| Figure 1 



1Inspector: graph3d.surfaceplot PfilQ 

m 

ai 

■aj H 


B Base Properties 


B Data 


B Lighting 


B Miscellaneous 


B Style/Appearance 


EdgeAlpha 
3 EdgeColor 


1.0 




0,3 


4- 


FaceAlpha 

^ flat 

LineStyle 
LineWidth 
Marker 

B MarkerEdgeColor 
B MarkerFaceColor r>c1 

Marker5ize 
MeshStyle 


0.5 

none 

>1 na 


6,0 

both 


auto 




A 
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Ok, now see something else a structural or cosmetic properties. Have a look at the available 
toolbars: 
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If you activate all the toolbars the result will looks like following: 



10 


5 


0 


-5 


-10 

4 
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There is also a Figure Palette especially useful to create subplots with the wizard: 


* Figures - Figure 1 


Da s 

i/ Figure Toolbar 

^ Camera Toolbar 

Plot Edit Toolbar 

, O S « A - a □ B b m b s □ 

'< ■; 

j|« 4 4 v |f co | ^ © 

V) ✓ 1 

Plortfrowser 

Property Editor 


| Figure 1 

■ 

■ ■ 



-4 -3 


A 
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The Figure Palette looks like this: 



If you click on 3D axes arrows of the Figure Palette panel you will be able to create a few 
subplots because (you can also mix 3D and 2D subplots in the same figure!): 
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For example with an additional toolbox the result looks like this: 


Figures - Figure 1 

mmm 

File Edit View Insert Tools Debug Desktop Window Help 

-X V X 

a e <d ^ ||Y| <s % © ® « s. is | □ s | □ ■ 

eb in b s n 


Figure Palette 


© | Figure 1 x | 


▼ New Subplots 

1 | 2D Axes 



3D Axes 



▼ Variables 

E0X 

49x49 


E0y 

49x49 


fflz 

49x49 


▼ Annotations 


\ Line 
^ Arrow 
^ Double Arrow 
^ Text Arrow 
T Text Box 
I I Rectangle 
O Ellipse 




Then you just have to drag the components that you want to plot in this new 3D or 2D suplot: 
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Here for example we just reproduced the above one (for sure this example is almost stupid...): 


+/ Figures - Figure 1 



mmm 

File Edit View Insert 

Tools Debug Desktop Window Help 


? X 

B j a d & \[k 

| A O ® '.e ^ - 0 1 □ 0 1 n rn 

ffl m b b n 

Figure Palette 

_ ©] 

1 | Figure 1 x 


t New Subplots 


1 | 2D Axes 

^ 3D Axes 



t Variables 

E0X 

49x49 


Hv 

49x49 


Ez 

49x49 


t Annotations 



\ Line 


Arrow 

\ Double Arrow 
^ Text Arrow 
T Text Box 
| | Rectangle 

O Ellipse 



0 0 


Now if you double click on the surface you can always change after the source values for the 
second plot to have the correct X, Y and Z components as you can see below: 
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Now take a look the Plot Browser: 


* Figures - Figure 1 


Da t 

i/ Figure Toolbar 

^ Camera Toolbar 

Plot Edit Toolbar 

, O ® « A - a Did a ■ b m b s □ 


j|« S S v |f |® co | ^ © 

V) ✓ | 

Figure Palette 



Profferty Editor 



-4 -3 


A 
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This browser works in a similar way as layers for Adobe Photoshop but with a very negative 
point: you can't give a name or rename the different "layer"... 
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Below we have for example disabled some projected isoclines: 
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By double click on one of the layers you will open the bottom Property Editor if it is not 
already activated: 
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In the menu Insert the first option that people that don't like to create chart using scripting 
almost always use is the Colorbar (the other options are too easy to guess to make examples): 


m 


Figures - Figure i 


D 0 'A & 

\ | Figure 1 ~ 


File Edit View Insert Tools Debug DeskJtop Window Help 
X Label 
V Label 
Z Label 
Title 
Legend 


Line 

Arrow 

Text Arrow 

Double Arrow 

TextBox 

Rectangle 

Ellipse 


□mu 

* * X 


"J $ m - 

a| 

□ m 

■ o h □ b s n 
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Now take a look to the very useful option Data Cursor of the menu Tools: 
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This tool gives you the possibility to add data tooltips on the chart (as many as you want): 
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There are also a few options for these data tip. For example by default it is on Snap to 
Nearest Data Vertex but you can choose to click anywhere you want on the (surface) plot by 
selecting Mouse Position: 


E3 Figurel 





, File Edit View Insert Took Desktop Window 

Help 

■u 



a| 

□ S 

■ 0 


Peaks 



And there are also different ways to show the data type. You can choose for example the see 
the coordinates as a Window Inside the Figure: 
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This will result to the following (see the bottom right corner): 
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Now just take a look to the Brush option: 



That you can also find in the main too: 


and choose a color: 
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One you have finished to pain you can also make a right click and choose some option: 


1- Figure 1 






File Edit View Insert 

Tools DeskJtop Window 

' Help 


■7y 



| \ <3. O $ * 

- s 

n s 

□ Q 



10 - 



-4 -4 


You can see below what happens when you select Replace with/NaNs for example: 
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Now have a look to the option named Link: 



You will see then a small white band appear to the top. Click on Edit... 


J Figure 1 


File Edit View Insert Tools DeskJtop Window Help 



% © 8 « A • 

a, 

n c 

□ 0 

T Linked variables/expressions: Z 

1 Edit.. I 



' ■.. Click to establish a live linCTBtWBen variat 
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And whaa... what a surprise (it's ironic...) we just get an option to change the data source 
variable names to plot the chart... (same as we already saw at the beginning with this wizard): 
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We can check for sure that it works well by defining the variables sources and playing with 
one of them by taking the opposite sign. Then the plotted surface will be reversed: 


File Edit 



__ rnr 

y Specify Data Source Properties 



Q & Edit table to specify data source for graphics. 
T Linked 


DisplayNami XData5ource YData5ource ZData5ource 



3 


3 


-4 -4 


3 


it... -» 


OK 

Cancel 

Apply 




Or imagine that we are in flat world ;-): 



File Edit Vie 


Specify Data Source Properties 


D & A Edit table to specify data source for graphics. 


IH 
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Now a look to the option in the menu Desktop/Dock Figures: 



This will result in something that ca be sometimes very useful! You have the chart ant the 
command Windows easily always on the screen: 
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Control chart window 

OK now it's time to begin to learn how to create charts and charts figure without any wizards. 
First to create an empty chart figure you can just use the command figure as below: 


EDITOR 


|bJ| fql Find Files 
l_i Compare 

New Open Save 
» ^ Print » 


Insert [j^ fx pf] 
Comment % 

Indent [j] £|| |j^ 


t> & 


■C 1 2 3 4 £ 

i^Xj Go To ^ 

Breakpoints Run Run and Run ar 
w Find ^ » "w Time Advan 


FILE 


EDIT 


NAVIGATE BREAKPOINTS 


RUN 




S. <a> 


figure 


g| 0 Figure 1 




BETH 

File ^Sdit View 

Insert 

Tools Desktop Window Help 





1 % n ® « d ’ 


□ H ” 


If you have to open multiple charts figure, using the function waitfor() you can be sure that 
the rest of the script won't be run until the first figure chart is not closed: 


12& y j ^ B 


1 fl=figure(1); 

2 %the rest of the script won't be run still the first figure is not close 

3 uaitfor(f1) 

4 f 2=f igure (2 ) ;| 
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By defining some options on the active figure (gcf) you can remove the Menu bar of the 
figure: 



W 
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You can also with the same object properties easily define the name in the title bar of the 
figure: 



1 figure; 

2 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , [ 1 Mon Graph 1 f char(169 ) f 1 ISOZ 1 ] ) ; 
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Or also deactivate the numbering of the figure that was visible on the title bar, change it's 
default Position (the 0,0 position is in the bottom left corner!) and it's default background 

Color: 



W 
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And as you can see it here as a proof, the 0,0 position is in the bottom left comer: 
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We can also make a full screen chart window using the following syntax: 



|l figure( 1 units 1 , 1 normalized 1 , 1 outerposition 1 , [0 Oil]) 

Then we get: 



rerj LiJ C ^ MATLAB R2013a _11 figure 1 
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Using what we learned about User Interactions (see page 200), we can also ask the user to 
choose any color with the uisetcolor function (in this case with a recommended color 
activated by default): 


PUBLISH 


VIEW 


New 


14 

1 

2 

3 

4 

5 

6 



Open Save 


LJ Find Files 
Compare 
£=ij Print ^ 


FILE 




Insert [j^ fx pfj] 
Comment % & 
Indent [J] £g| ^ 
EDIT 


D> 

c|>[J Go To 

Breakpoints Run Run and 
Find ▼ ^ » Time 

NAVIGATE BREAKPOINTS 



figure; 

rgbColor=uisetcolor([0.8314 0.8157 0.7843], 'Choose background color * 1 ); 
set(gcf , 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 My chart 1 , ... 

1 NumberTitle 1 , 1 off 1 , 1 Position 1 ,[100,100,400,300] , 1 Color 1 ,rgbColor) ; 
%take figure in front 
figure (1) ;| 



Run ar 
Advan 

RUN 



When you run the script the result will looks lil 
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Now let us put a grid, using the command grid on and at the same time changing the grid 
color thanks to the object gca: 



UJ Find Files 
_ Compare ▼ 


New Open Save 
■w w -w |^j Print T 

FILE 


Insert Ig. fa £5] T <P 
Comment ^ jjj ^>| Go To ▼ 

Indent |T] fe|| |j^ Find T 

EDIT NAVIGATE BREAKPOINTS 


Breakpoints Run 


Run and Run and Adv 
Time Advance 

RUN 


© Bi 


^ B 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 


'Choose background color 1 ); 


figure; 

rgbColor=uisetcolor([□.S3 14 0.8157 0.7843], 
set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 My chart 1 , ... 

1 NumberTitle 1 , 1 off 1 , 1 Position 1 ,[100, 100,400,3 00], 1 Color 1 ,rgbColor) , 
%take figure in front 
figure(1); 

%activate grid 
grid on; 

^change colors of grid 
set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]) 
set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]) 


*J My chart 


HBB 


The problem that when we customize the grid, we also change the axes ticks and labels in the 
same color... thus see next page what we have to add: 
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Here is what we have to add to recover back the axes in a more common color...: 


EDITOR 




[3 Find Files 
jjjil Compare 
» Q Print ▼ 


Insert ^ T 
% - 


l> & 


tL Compare ▼ Comment % ^ J ^[jGoTo ▼ 

New Open Save ~ ' Breakpoints Run Run and Run and 

Indent jj] j>|| ^ Find » ▼ ^ Time Advance 


FILE EDIT NAVIGATE BREAKPOINTS 1 RUN 

\M 

El .. ^ .. B 

1 


figure; 

2 


rgbColor=uisetcolor [[□ .S3 14 0.8157 0.7843], 'Choose background color 1 ); 

3 


set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 My chart 1 , ... 

4 


1 NumberTitle 1 , 'off' , 'Position' , [100, 100,400,300] , 'Color' ,rgbColor) ; 

5 


%take figure in front 

6 


figure ( 1) ; 

7 


% activate grid 

8 


grid on; 

9 


^change colors of grid 

10 


set(gca, 1 Xcolor 1 , [0 . 85 0.85 0.85]); 

11 


set(gca, 1 Ycolor 1 , [0 . 85 0.85 0.85]); 

12 



13 


c axes = copyob j (gca,gcf ); 

14 


% 1 none 1 is for the background color of the grid 

15 


%'k' is black color 

16 


set(c axes, 'color', 'none', 'xcolor', 'k' , 'xgrid', 'off',... 

17 


' ycolor ', 1 k 1 , ' ygrid ' , 1 off ' ) ; 


Not very intuitive isn't it? The result is visible on the next page. 
For the colors here is a small table as refresh: 


RGB Value 

Short Name 

Long Name 

[1 1 0] 

y 

yellow 

[1 0 1] 

m 

magenta 

[0 1 1] 

c 

cyan 

[1 0 0] 

r 

red 

[0 1 0] 

g 

green 

[0 0 1] 

b 

blue 

[1 1 1] 

w 

white 

[0 0 0] 

k 

black 


Table 1 Standardized color codes 
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Here is the result: 



Now a very common request by engineers is to put like in Minitab the actual date and time (or 
any other date) in the corner of the chart figure. We can do this using a text type uicontrol: 


EDITOR PUBLISH VIEW 


m - ^ B 


1 

- 

2 

- 

3 

- 

4 


5 


6 

- 

7 


8 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 



close all;clear all;clc 
figure 

set(gcf, ' Menubar 1 , ' none 1 , ' Name 1 , ' Mon graph 1 , 1 NumberTitle 1 , ' off 1 , ... 

1 Color 1 , [0.8314 0.8157 0.7483]); 

grid on; 

set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]); 
set(gca, 1 Ycolor 1 f [0.85 0.85 0.85]); 
setAxes=copyobj(gca,gcf); 

set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'k' , 'ygrid' , ' off' ) ; 
lyEox=uicontrol( 'style' , ' text' ) ; 

set(MyEox, ' String' ,strcat(' Published: ',datestr(clock)),' Posit ion' , [0, 0, 180, 20]) 

V 
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The result will look like the following: 
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Pick-up points on chart 

We have removed all the menus and toolbar of our chart figure then a very common question 
is how we can easily and efficiently for post analysis make that the user can click on the chart 
an retrieve coordinates in the workspace. 

For this purpose you can use the ginputf ) function by specifying the number of points to 
retrieve in the workspace: 


EDITOR 

PUBLISH 

VIEW 

ioJ 

II <a> E 



1 figure 

2 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumiberTitle 1 , 1 off 1 , . . . 

3 1 Color 1 , [0.8 0.8 0.8] ) 

4 

5 grid on; 

6 %get 4 points 

7 mat_pickPoints|=ginput (4) ; 

8 

9 set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]) 

10 set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]) 

11 c_axes=copyobj(gca,gcf); 

12 set(c_axes, 'color' , 'none' , 'xcolor' , ' k' , 'xgrid' , 'off' , 'ycolor' , 'k' , 'ygrid' , 'off' ); 

This will result in a snipper target tool to pick up the coordinates as you can see below on this 
empty chart: 
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And you will get in the workspace a new matrix variable with all coordinates that you can use 
for multiple purposes: 


Command Window 


>> mat pickPoints 


mat pickPoints 


0.2385 
0.5357 
0.6486 
0.2984 


0.6506 
0.5833 
0.8728 
0.8757 


fx » 



MATLAB 


311/1357 






Vincent ISOZ, Daname KOLANI 


Sciences.ch 


X-Y plots 

OK now we begin a big chapter important for students but also for professional practitioners 
of MATLAB. 

The purpose of this chapter is not only to see how to make X-Y but also to give a lot of tips 
and tricks relatively to the numerous questions of people following my trainings. 

Analytical based plot 

We start with a very academic example first where many student know the expression of a 
function a have to simple plot it by typing its expression. You can do this quite easily with the 
function ezplot(): 



1 - clc;clear all; 

2 - figure; 

3 - set(gcf, ' Menubar 1 , 1 none 1 , 1 Name 1 , ' Mon graph 1 , ' NumberTitle 1 , ' off 1 , ... 

4 1 Position 1 , [200 100 7G0 500] , 1 Color 1 , [0.3314 G.3157 0.7483]); 

5 

6 - myplot=ezplot( 1 x A 2 1 , [-5 10]); 

7 - set(myplot, 1 Color 1 , 1 r 1 , 1 LineUidth 1 ,4, 1 LineStyle 1 , 1 — '); 

8 

9 - grid on; 

10 - zoom on; %see the problem with the zoom when the grid is cutomized...! 

11 

12 - set(gca, 1 Xcolor 1 , [0.85 0.85 0.85]); 

13 - set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]); 

14 - setAxes=copyobj(gca,gcf); 

15 - set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'k' ,' ygrid' , 'off' ); 

16 
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The result will be the following (see the title that is added automatically): 


+] Mon graph 



Vector based plot with lines and stems 


v> 


Sometimes and especially in signal processing you can't use analytical expression to plot 
something. This is what I call "vector based plots". We can make a typical example of this 
with a simple trigonometric function, a threshold filter condition and using the stem( ) plot 
function that is very common is signal processing and see how the chart will looks like by 
adding or not the line axis equal: 


I_J Find Files 

Compare ^ 



New Open Save 

Print ^ 


Insert UJ fx 
Comment % fa ^ 
Indent g] £|| (J^, 


L4 Find ▼ 


Breakpoints 


Run and Run and Advan 
Time Advance 




FILE 

EDIT NAVIGATE BREAKPOINTS RUN 

LSi 

m 

n ^ - s 

> 

1 

- 

figure; 



2 

- 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumberTitle 1 , 1 off 1 , . . . 


3 


1 Position 1 , [100 100 400 400] , 1 Color 1 , [0.3314 0.3157 0.7433]); 


4 

- 

x = 0 : pi/20 : 3 * pi; 


5 

- 

y = sin(x) ; 



6 

- 

7 = 7 ■ * (y 

> 0); %set negative values of sin(x) to zero 


7 

- 

plot (x, y); 



8 

- 

stem fx„v); 

sstem is used a lot for FFT 


9 

- 

grid on; 



10 

|axis equal;| 

1 


11 

- 

set(gca, 1 Xcolor 1 ,[0.35 0.35 0.35]); 


12 

- 

set(gca, 1 Ycolor 1 ,[0.35 0.35 0.35]); 


13 

- 

setAxes=copyobj(gca f gcf); 


14 

- 

set(setAxes 

f 1 color 1 , 1 none 1 , 1 Xcolor 1 , 1 h 1 , 1 xgrid 1 , 1 off 1 , 1 Ycolor 1 , 1 k 1 , 1 ygrid 1 J 

1 off 1 ); 
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The result will be: 



Or a more concrete example: 


EDITOR PUBLISH VIEW 


Eal <3 B © 3 ’ £ 

1 


n = -10:1:10; 

2 


k = £(n - 3|)==0] ; 

3 


stem(n, k) 

4 


title( 1 \ delta(n - 3) vs. n 1 ) 

5 


xlabel( 1 time index n 1 ) 

6 


ylabel( 1 Amplitude 1 ) 

7 


a = min (n) ; 

3 


b = max (n) ; 

9 


c = min(k)-.5; 

10 


d = max(k)+.5; 

11 


axis ([a b c d]);grid on; 


That gives and Dirac delta on n = 3: 
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Animated vector based plot 

A lot of schools and some financial institutions ask me sometimes how to animate a 2D plots 
(in financial institutions they like this to animate forecasts...). 

Let us see a first method (default native poor one...) using the command comet() and solving 
at the same time the fact that the plot disappear one the animation is finished: 



1 - clc;clear all; 

2 - figure; 

3 - set(gcf, ' Menubar 1 , 1 none 1 , 1 Name 1 , ' Mon graph 1 , ' NumberTitle 1 , ' off 1 , ... 

4 1 Position 1 , [200 100 700 500] , 1 Color 1 , [0.3314 0.8157 0.7483]); 

5 

6 - grid on; 

7 - t=0:0.01:6*pi; 

8 - x=t;y=cos(t ); 

9 - [;omet (x, y)|; %the problem is that the line disappears at the end. . . 

10 

11 %then we need after a normal plot 

12 - plot(x,y, 1 Color 1 , ' r 1 ) 

13 xlim([0 19] )|; ^otherwise it doesn't correspond to comet axis... (stupid behaviour!) 

14 - ylabel ( 1 y 1 ) ; 

15 - xlabel ( 1 t 1 ) ; 

16 - grid on; 

17- title(' Animated 2D plot: cos(t ) 1 f 'fontweigh 1 f 'bold' , 'fontsize' ,16); 

18 

19- set(gca, 'Xcolor' , [0.85 0.85 0.85]); 

20 - set(gca, 'Ycolor' ,[0.85 0.85 0.85]); 

21 - setAxes=copyobj(gca,gcf); 

22 - set(setAxes, 1 color' , 'none 1 , 'Xcolor' , 'k 1 , 'xgrid' , 'off' , 'Ycolor' , 'k' , 'ygrid' , 'off' ); 

23 



The result will loo] 


ike 
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To control speed you can edit the code of the comet function by adding a pause{ 2) for 
example at the right place but then it will work only on your computer . The best way is the 
following: 

Second method using a loop with the functions pause() and plot() to control the speed of the 
animation: 



1 

- 

2 

- 

3 

- 

4 

5 


6 

- 

7 

- 

8 


9 

- 

10 

- 

11 

- 

12 

13 

14 


15 

- 

16 

- 

17 

- 

18 

- 

19 

- 

20 

- 

21 

- 

22 

- 

23 


24 

- 

25 

- 

26 

- 

27 

- 

28 



clc;clear all; 
figure; 

set(gcf, * 1 Menubar 1 f 1 none 1 , 1 Name ' , 'Mon graph' , ' NumberTitle 1 , 1 off 1 , ... 

1 Position 1 , [200 10G 7GG 500] , 1 Color 1 , [0.3314 0.8157 0.7483]); 

t=0:0.01:6*pi; 
x=t;y=cos(t); 

Ej]for k=l:1:length(t) 

pause(0.01); %you can now control speed :-) 
hold off; 

%ue draw the line 

plot(x (1: k) , y (1: k), 1 LineWidth 1 ,3, 1 LineStyle 1 , 1 - 1 ); 

%and a red point| 
hold on; 

plot(x(k), y (k) , 'ko' , ' markerFaceColor 1 , ' r 1 ); 

axis([min(t) max (t) min(y) max (y) ] ) ; 

grid on; 

ylatoel( 1 y 1 ) ; 

xlahel( 1 t 1 ) ; 

title( 1 Animated 2D plot: cos (t) 1 , 1 fontweigh' , 1 bold 1 , 1 fontsize 1 ,16); 

end 

set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]); 
set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]); 
setAxes=copyobj(gca,gcf); 

set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 1 xgrid 1 , 'off' , 'Ycolor' , 'k' , 1 ygrid 1 , 'off ), 
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Vector based plot with various lines, colors and points 

Depending on the subject you are studying you will need to have multiple lines plots into only 
one plot area. Then it is important to have an overview of some possible line plots styles. 


Here we plot a vector based function but now using the function plot() and we added also a 
stem() for fun: 


EDITOR 

PUBLISH 

VIEW 


4 m 

^ B 


1 

- 

figure; 

2 

- 

title( 1 Vector based plot 1 ); 

3 

- 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumberTitle 1 , 1 off 1 , . .. 

4 


1 Position 1 , [100 1G0 400 400] , 'Color 1 , [0.8314 0.8157 0.7483]); 

5 

- 

x = 0 : pi/20 : 3 * pi; 

6 

- 

y = sin(x); 

7 

- 

y = y .* (y > 0); %set negative values of sin(x) to zero 

8 

- 

plot(x f y); 

9 

- 

hold on; 

10 

- 

plot(x+l, 2*y, '-yo'); 

11 

- 

plot(x+2, 4*y, '-.m+'); 

12 

- 

plot(x+3, 6*y, 1 — c* 1 ); 

13 

- 

plot(x+4, 7*y, 1 :rx' ); 

14 

- 

plot(x+5, 3*y, '.g'); 

IS 

- 

plot(x+6, 9*y, |A b'); 

16 

- 

plot(x+7, 10*y, 1 sb 1 ); 

17 

- 

plot(x+3, ll*y, 'hd'); 

18 

- 

stem(x,y); %stem is used a lot for FFT 

19 

- 

grid on; 

20 

- 

axis equal; 

21 

- 

set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]); 

22 

- 

set(gca, 1 Ycolor 1 r [0.85 0.85 0.85]); 

23 

- 

setAxes=copyobj(gca,gcf); 

24 

- 

set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'It' , 'ygrid' , 


MATLAB 


318/1357 






























Vincent ISOZ, Daname KOLANI 


Sciences.ch 



And for line width and some other extras we play with the plot( ) function arguments: 


EDITOR PUBLISH VIEW 

© Isf ^ B 

1 

- 

figure; 


2 

- 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumberTitle 1 , 1 off 1 , ... 


3 

A 


1 Position 1 , [100 100 400 400] , 1 Co lor 1 , [0.3314 0.3157 0.7433]); 


5 

- 

x=0:pi/20:3 *pi; 


6 

- 

y=sin(x); 


7 

- 

plot(x,y, '-bo 1 , 'LineWidth 1 ,2, 'Markersize 1 , 10, 'MarkerEdgeColor' , 'k 1 , ... 


3 

Q 


'MarkerFaceColor' ,[0.3 0.3 0.3]) 


10 

- 

grid on; 


11 

- 

set(gca, 'Xcolor' ,[0.35 0.35 0.35]); 


12 

- 

set(gca,' Ycolor' ,[0.35 0.35 0.35]); 


13 

- 

setAxes=copyobj(gca,gcf); 


14 

- 

set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'k 1 , 'ygrid' , 

'off' ); 


See the result next page. 
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Another famous example (used a lot in 
ellipse: 




2 - t = linspace(0,2*pi, npts) ; 

3 - theta = pi/4; 

4 - aspect = [5 1]; % [x y] 

5 - x = aspect(1)*sin(t+theta)+2; 

6 - y = aspect(2)*cos(t)+4; 

7 - plot (x f y) ; 

8 - grid on; 


This will give 



in g and image processing) is hot to draw and 


EDITOR 

PUBLISH 

VIEW 

© e. 


© 

| ellipse.m x 



1 - npts 

= le4; 
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1 Figure I 




1 

rnmm 

File Edit View Insert 

Tools DeskJtop Window Help 




‘jBisJ 




□ b 

j> 



Vector based multiple plot with legends and titles 

Instead than typing multiple times plot(), plot(), plot() etc. you can directly in only one 
plot() function pass multiple plot vectors. At the same time the purpose of this example is to 
show add axes labels with xlabel() and ylabel(), plot title with title(), plot legends with 
legend() and static text with text() and dynamic text with gtext() on the plot: 


EDITOR 

PUBLISH 

VIEW 


\?HM 

B 



1 

- 

2 

- 

3 

- 

4 

- 

5 


6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 


12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 

- 

13 

- 

19 

- 

20 

- 

21 

- 

22 

- 

23 

- 

24 

- 


clc; clear all 
figure; 

title( 1 Vector based plot 1 ); 
set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 
1 Position 1 , [100 100 500 400] 
t = linspace(0, 2*pi, 100); 

yl = sin(t); 
y2 = t; 

y3 = t - (t. A 3) /6 + 


Mon graph 1 , 1 NumberTitle 1 , 1 off 1 , . , 
1 Color 1 , [0.8314 0.8157 0.7483]); 




(t. A 5)/120-(t. A 7)/5040; 



axis equal; 
set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]); 
set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]); 
setAxes=copyobj(gca,gcf); 
set(setAxes, 'color' , 'none' , 'Xcolor ' t 


'xgrid' 


' off' 


'Ycolor' 


'ygrid' , 'off' ), 
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This will result in: 
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Horizontal/Vertical lines method 

A very very common question to almost all jobs specializations is how to add a 
vertical/horizontal line on chart. This can easily be done thanks to the 

graph2d.constantline() function: 


BDITCft 

PUBLISH 

VIEW j 

1- 

V) 



1 - tld;cle*r all; 

2 - figure; 

3 - sec 1 Henutiet," , 1 none 1 , 'Neaie' j 1 Hon graph' , "Nurafeer Title 1 § 1 o it' , * « * 

4 Position 1 , [200 100 700 50O], 'Color r ,(0 L S3 14 0-0157 0,7483)); 

5 

6- mypiot-esplott 1 x*2-S*x 1 ,[-S 10]); 

7- setdoypioc, 'Coioif 1 , p f , ' LineViUch 1 ,4, 1 Linestyle 1 , 

8 - gr id on; | 

$ 

1C 

11 - 
12 - 

13 

14 ~ 

15 ’ 

16 


%vectical line 

hx H grapti2d. constant line (0, ' Co lor 1 f [0,7 0.4 Q, 6} , 1 Line Width 1 f 2 ); 
changedapendvar (hx, ' x 1 ) ; 

\ horizontal line 

hygraphZd. constant line (0, 1 Co lor 1 , [0,7 0.4 □. 6] , 1 Li new idth 1 # 2 \ i 
changedependvar[hy* 1 Y' ) * 


17- set fgca, 1 Kcolor 1 t [0,35 0,35 0,35]); 

18- set|gc& ; 1 Ycolor ' 4 [Q.35 Q.35 0.35]); 

19 - aetAxes-copyobj[gca,gcf); 

20 - set (set Axes, 1 color 1 , 1 none 1 * 1 xcolor 1 , 1 k 1 , 1 xgridT , 1 off f s Yeolor% 1 Jc 1 , 1 ygeid 1 , 1 off B ]; 


The result will look as following: 


W r 


Mon graph 


x 2 -5 x 



MATLAB 


323/1357 


















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Stairs Plot 

Used a lot in guarantee and survival analysis. We will here reproduce the example of the 
theoretical course during our study of the Kaplan-Meier model: 


+j MATLAB Command Window 


» X = [0 1 2 3 4 S 8 11 12 15 17 22 23]; 
» V = [21 19 17 16 14 12 8 6 4 3 2 1 0]; 
» stairs(X,V) 

» 



Jnjxj 

—3 
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Vector based plot with error bars 

Ok now see how we do a dot plot with error bars in MATLAB using the function errorbar(). 
At the same time see that at the beginning we close all open charts to be sure that our will be 
the only one opened in this MATLAB sessions: 


ECNTOK PUBLISH V^W 


i 

tie: clear aujciose all 


z 

fagure: 


3 

- title ( 1 Vector based pLot 1 ); 


4 

- set ( gcf t 1 Henubar 1 , 'none 1 , 1 Narne 1 f 1 Hon geapii ’ , ' M umber Ti tie' , 'off' f , . . 


5 

■Positional 100 IDO £00 400] , 1 Color ' , [0 . S3 14 0.8157 0.7433]); 


6 

k - [4.2 5.0 6.0 7,0 6.0 9.0 LO.O 11.0 12.0 13.0 14.0) ; k [cm] 


1 

force - [0.0 1.1 2,0 3.2 3,9 4.6 5.8 7.0 3.1 9.0 9.5]; k [W] 


3 

- ErrHeg ■ -0 .5 *ohe 3 (size 1 force) ) ; ErrFos ■ +1. Q>*ones (.si ze (force) ] ; 


3 

plot (*,£&£Ct, 'fl' J£ 


10 

SMI3 ([-5 20 -5 15]]? 


11 



12 

prrorbar(x,forte,EreNeg, ErcPos, 1 rx 1 ); | 


13 

vertical line 


14 

- graphs d* const ant liner Color [G, 4 0^4 0,4]); 


15 

- ehangedepenjdvar fh m H 1 m p ); 


16 

tjl horizontal line 


17 

- by - graph2d.constant line[ 1 Co Lor ■ , (0 . 4 Q,<3 0.4]); 


13 

- changedepenrivar (by, 1 y ) ? 


19 

- title( 1 Force d 1 J un ressort* , 1 fontweight 1 , 1 bold 1 f i fontsise 1 f 16) ; 


20 

Klabel[ J K (cm] 1 ) ; ylabei ( 1 T (X) [H] - ] 


21 

- grid &n?axis equal; 


22 

- Legend [ 1 Forces mesne^es avec ecreusr'); 


23 

set (crca, 1 Xcoloc' , [0.35 0,35 0,35]) ;|set (crea, 1 Ycolor [Q.35 0,35 0,35)); 


24 

set AKes-eopyob:}(gea, gcf): 


25 

set tsetses, 1 color 1 „ 1 none 1 j 1 Xcolor 1 „■ 1 K 1 t ■ agrad' * 1 0 ± 1 * * 1 Ycolor 1 , 1 Jc 1 * 1 ygrad 1 ? 
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Vector based semi-log X plot with custom tick space 

Now see the famous semi-log plots used a lot by physicist and electronic engineers using the 
the function semilogx( ) and see how we can control the axes Y tick space at the same time 
using the YTick property of the active chart figure: 


EDITOR PUBLISH VIEW 


SB M . ^ © 


1 

- 

clc; clear all;close all 

2 

- 

figure; 

3 

- 

title( 1 Vector based plot 1 ); 

4 

- 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumberTitle 1 , 1 off 1 , ... 

5 


1 Position 1 , [100 1G0 500 400] , 'Color' , [0.3314 0.3157 0.7433]); 

6 

- 

t = linspace(0, 2*pi, 200); 

7 

- 

x = exp (t); 

3 

- 

y = 100 + exp (3 *t); 

9 

- 

|semilogx(x, y) ;| 

10 

- 

title( 1 Vitesse en fonction du temps 1 , 'fontueight 1 , 1 bold 1 , 1 fontsize 1 , 16); 

11 

- 

xlabel ( 1 t [s] 1 ) ; ylabel('v(t) [m/s] 1 ) 

12 

- 


13 

- 

|set (gca, 1 YTick' , [0: 10000000:200000000] )| 

14 


%axis equal; must be removed when using log scale! 

IS 

- 

set(gca, 1 Xcolor 1 ,[0.35 0.35 0.35]);set(gca, 1 Ycolor 1 ,[0.35 0.35 0.35]); 

16 

- 

setAxes=copyobj(gca,gcf); 

17 

- 

set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'k' , 'ygrid' A 

13 
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This is how the result looks like: 



Vector based semi-log Yplot 

And in the same idea but using with the Y axes using the semilogy() function: 



1 - clc;clear all;close all; 

2 - figure; 

3 - set(gcf, 1 Menubar 1 , ' none 1 , 1 Name 1 , 1 Hon graph 1 , 1 NumberTitle 1 , ' off 1 , ... 

4 1 Position 1 , [200 -50 30G 300] , 1 Color 1 , [0.3314 0.3157 0.7433]); 

5 

6 - t=linspace(0,50,100); 

7 - v=100+exp (0.3 *t) ; 

3 - [semilogyj t,v); 

9 

10 - xlabel ( 1 t [s] 1 ) ; 

11 - ylabel ( 1 v [m/s] 1 ) ; 

12 - title( 1 Vitesse fusee 1 , 1 fontweight 1 , 1 bold 1 , 1 fontsize 1 ,16); 

13 

14 - grid on; 

15 - set(gca, 1 Xcolor ',[0.35 0.35 0.35]); 

16 - set(gca, 1 Ycolor ',[0.35 0.35 0.35]); 

17 - setAxes=copyobj(gca,gcf); 

18 - set(setAxes, 'color ' r 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'k' , 'ygrid' , 'off' ); 

19 

20 - datacursormode on; 
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This is how the result looks like: 



Vector based log-log plot with data cursor tip 

This case is rare... using a log-log plot thanks to the function loglog(). What is instead 
interesting in this chart is that we show here for the first time that you can give to your 
user/customer the possibility to play with the data cursor by using the command 

datacursormode on: 


EDITOR PUBLISH VIEW 

lib M ^ B 

1 

- clc; clear all;close all 


2 

- figure; 


3 

- title( 1 Vector based plot 1 ); 


4 

- set(gcf, ' Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumberTitle 1 , 1 off 1 , ... 


5 

1 Position 1 , [100 100 50G 400] , 'Color' , [0.8314 0.8157 0.7483]); 


6 

- t = linspace(0, 2*pi, 200); 


7 

- x = exp (t); 


3 

- y = 100+ exp(3*t); 


9 

|loglog (x, y) ;| 


10 

- title ('Log v en fonction du temps 1 , 1 fontweight 1 , 'bold' , 'fontsize 1 ,16); 


11 

- xlabel('t [s] ' ) ; ylabel('v(t) [m/s]') 


12 

- grid on; 


13 

%axis egual; must be removed when using log scale! 


14 

- set(gca, 'Xcolor' ,[0.85 0.85 0.35]);set(gca,' Ycolor' ,[0.35 0.85 0.85]); 


15 

- setAxes=copyobj(gca,gcf); 


16 

- set(setAxes, 'color' , 'none' , 1 Xcolor' , ' k' , 1 xgrid' , 'off' , 'Ycolor 1 , 'k' , 'ygrid' , 

'off' ); 

17 



13 

- [datacursormode on | 
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Now with the data cursor mode even if there are no toolbars anymore the user/customer can 
still click on any point of the chart to get some data tips on the screen: 



& 
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Simple shapes (circles, rectangles) 

Create a rectangle is quite simple in a MATLAB plot: 



For a circle it is less obvious: 


radius=2; 

centerX=5;centerY=5; 

rectangle( 1 Position 1 ,[centerX-radius,centerY-radius,radius*2 ,radius*2] , 
1 Curvature ',[1,1], 1 FaceColor 1 , 1 r 1 f 1 EdgeColor 1 , 1 r 1 ) 

axis([0 10 0 10]) 
axis square; 
grid on; 


That gives: 
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Multiple plots (subplots, lattices) 

Subplots 

Having multiple windows to show multiple charts can be very boring. You have the 
possibility in MATLAB as in R to create multiple plots window using the function 
subplot(rows, columns, cell number). The main ideas is the following: 


subplot( 1,2,1) 



subplot{2,2,1) 


SUbplOt<2,2,3) 



subplot(4,l,1) 

subplot(4,1,2) 

subplot(4,1l,3) 

subpk*(4,i,4) 



sub plot( 1,2,2) 

SUbplOt{2,2,2) 


subplot{2,2 r 4) 
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Here is an example: 


EDITOR 

PUELEH 

VIEW 



1 * ki <3 


1 - elc;clear ail; close all 

2 - figureE 1 units'normalised' ,' outerposicion' ,[0 □ i 1]); %full screen plot. 

3 - set (gcf, " Menubar 1 , 1 none' , 1 Marne 1 * 1 Hon graph 1 , 1 Number!!t Le 1 , p off 1 # - , + 

4 1 Color 1 ,[0.6314 0.6157 0.7463]}; 

5 ^multiple plots part 

7 - 

s- mypiot-ezpiot [ 1 x ft 2+x' , [-5 10] ); 

9“ set(royplot, "Color 1 , 1 r 1 , 1 LioeWidth' ,2, " LineStyle 1 , 

1C- axis ([-5 5 -i 5) ) ;set (gca, * XTick 1 ,1-5:1:5] } ; 

11- foY*grapli2d. cons tannine (' Color' s [□. 3 0.3 Q. 3] ) ; changedependvar (hy, 1 y j ; 

12“ hx=graph2d-constantline (' Color 1 , [Qu3 0.3 Q* 3] ) ; changedependvar |hx, 1 x 1 } ; 

13- grid on; ylabe1 (■ y 1 );xlabel(■ x '}; 

14 - titlef (2,2 f 1) EEplot 1 , 1 font weight' , 'bold' # 1 iontsize 1 , 12) ; 

15 - | subplot (2,2,2) ;| 

1C - plot (x,sin (kJ , ' -ko' , ' LineVidth* , 2, ' HarkerEdgeColor■ r ' r 1 ) ; 

17- axis equal; grid on;y label \■ y' } ;x label (■ x 1 ) ; 

1C- ^ i 2 ) Simple plot 1 , 1 fent^eight 1 , 1 bo Id' , 1 fontsise 1 ,12); 

19 - (subplot (2,2, 3) | 

20 - _:Lr_-:u ;>:,eos (x) , ' -kx' , 1 LineUidth' ,2, 1 HarlcerEdgeColor 1 , 1 r ■ ) ; 

21 — axis equal; grid on; ylabe1£ 1 y 1 );xlabel( p x 1 ); 

22- _kiii£LLL£*ii 3 ) Stemp lot 1 f 1 fontweight" , ‘bold" , 1 f outsize 1 , 12) ; 

23 - |sutoplotj^2^2jJ 

24 - peaks; 

25- y label ( 1 y 1 ) ; x lab el ( 1 x 1 } ; slab el ( 1 s' ) ; 

26 - title [ ' (2,2*4) Surface plot 1 f ' f ontweight' , 'bold 1 , ' foutsize 1 , 12) ; 


i 
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This will result to: 


Mon graph 


mmx 
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Tab plots 

The commands uitabgroup and the function uitab() show below have been officially 
released with MATLAB 2014a but were still here long before (hidden undocumented 
commands). So here is a small example: 



1 hTabGroup = ui tab group; draunou; 

2 tabl = uitab (hTabGroup, 1 title 1 , 1 Pane 1 l 1 ); 

3 a = axes ( 1 parent 1 , tabl) ; peaks; 

4 tab2 = uitab (hTabGroup, 1 t it le 1 , 1 Pane 1 2 1 ); 

5 a = axes ( 1 parent 1 , tab2); membrane; 

6 uicontrol(tab2, 'String 1 f 'Close' f 'Callback' / close (gcbf) ' ) ; 


That gives: 


Figure 1 




HBEll Figure 1 



-ln|x| 
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File Edit View Insert Tools Desktop Window Help 
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Greeks letters in legends and titles (LaTeX style) 

A very important option in any mathematical software is the ability to use LaTeX to write 
equations or mathematical symbols for different outputs. This is also possible with MATLAB 
by using the "interpreter". You can see 5 examples just below: 




A 3a 


^ . 


1 clear all;close all;clc 

2 x0=0;v0=0;a=9.81; 

3 myplot=ezplot(sprintf( 1 ht +%f*t+0.5*%f*t A 2 1 ,xO,vO,a) , [0 20]); 

4 set(myplot, 1 color 1 , 1 r 1 , 1 LineWidth 1 ,2, 1 LineStyle 1 , 1 - 1 ) ; 

5 ylabel( 1 $v_{averaged} [\frac{m}{s>]$ 1 , 1 interpreter 1 , 1 latex 1 , 'fontsize 1 ,14) ; 

6 xlabel( 1 $t [s]S 1 , 1 interpreter 1 , 1 latex 1 , 1 fontsize 1 , 14) ; 

7 legend( 1 v_{averaged} 1 , 1 interpreter 1 , 1 latex 1 , 1 fontsize 1 ,14); 

3 text(13,0, 1 $\sigma_v=\pm 400 [\frac{\nm m}{s}]$ 1 , 1 interpreter 1 , 1 latex 1 , 1 fontsize 1 ,14); 

9 title ( 1 5\bf{x G+v 0*t+\frac{1}{2}*a*t A 2}5 1 , 1 interpreter 1 , 1 latex 1 , 1 fontsize 1 ,16) 


This will give the following result: 



1 Figure I 





File Edit View Insert 

Tools DeskJtop Window Help 
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Plots with dates in axis 

Managing dates is almost in all softwares an Art because of the lack of respect of international 
norms. Even if you or your customers respect international norms it is still a nightmare to 
manage in international finance. There are books (PDFs) of 40 pages explaining how to 
manager dates and times in international trading... then I let you imagine... 

Here is an example with a date vector created by hand. As you can see we use it we use a 
function named datetick() to choose the format of the dates: 
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Here is a table with the most common used dates format: 


Symbolic Identifier 

Description 

Example 

yyyy 

Year in full 

1990, 2002 

yy 

Year in two digits 

90, 02 

QQ 

Quarter year using letter Q and one digit 

Q1 

mmmm 

Month using full name 

March, December 

mmm 

Month using first three letters 

Mar, Dec 

mm 

Month in two digits 

03, 12 

m 

Month using capitalized first letter 

M, D 

dddd 

Day using full name 

Monday, Tuesday 

ddd 

Day using first three letters 

Mon, Tue 

dd 

Day in two digits 

05, 20 

d 

Day using capitalized first letter 

M, T 

HH 

Hour in two digits 

(no leading zeros when symbolic identifier AM or PM is used) 

05, 5 AM 

MM 

Minute in two digits 

12, 02 

SS 

Second in two digits 

07, 59 

FFF 

Millisecond in three digits 

057 

AM or PM 

AM or PM inserted in date string 

3 : 45 : 02 PM 



dates format syntaxes 


Processus de Wiener: W= ^r==e ^ 



01 /03 04/03 07/03 10/03 13/03 16/03 19/03 22/03 25/03 28/03 31/03 

f[s] 
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Multiple axis on line plots 

Multiple axes are a recurrent request in business usage or in physics and electronics. We will 
see here we can manage this in different ways. But first we create a simple double Y axes plot 
with the function plotyy() and we change the color of the axes: 


lib tea © 
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If we want a rare 4 axes plot (until today only one customer in business asked me for that...) 
you have to use a lot of MATLAB tricks that are almost impossible to guess in my point of 
view and the adjustment of tick labels is always a pain in the ass: 




MATLAB 


340/1357 








Vincent ISOZ, Daname KOLANI 


Sciences.ch 



MATLAB 


341/1357 



























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Magnifier on line plot 

Create a magnifier is a wonderful recapitulative exercise for almost all what we have seen 
until now about charts in MATLAB. Let see how to do this and the result: 


EDITOR PUBLISH VEW 


4 id - - ^ £ 


1 

2 

3 

4 

5 

6 
7 
B 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IB 

19 

20 
21 
22 

23 

24 

25 

26 


H Create a dummy £unotion 

x ■ 0:0.0l:pl; 

y ■ 5*sin^X).*eos(1Q*X) + tend(aiee|x) ] ; 
p!ot(x, y] ; grid on; 
xlabel ( 1 X' ) ; 
ylabel ( 1 Y" ) ; 

% Specify the position and the size of the rectangle 

x_r * 0.95? y_r * -3.3; u_r “ 0.2; h_r ■ 0.7? 
rectangle ij 1 Position' , [x r-w t;/2 f y r-h e/ 2, nr, hr], ... 
1 EdgeCoLor 1 * [0,4, 0,1, 0*4]]; 


* Us specify the position and the size of the second axis 
\ The position is in percentage of the whole plot area 
x_a = 0.58? y_a = 0.18;' u_a = 0.3; h_a = 0.3; 
ax = axes ( 'Units' , "formalized' , ... 

1 Pos it ion' , [ x_a, y_a j n_a, h_a], ... 

'^Tick 1 , ![] , * . . *no ticks 
■YTick', (], Hno ticks 

■ Box' , ' on' , ... 

-LineUidth 1 , 2, *, P 

* Color 1 i [0-95, 0.99, 0.95]); 


hold on; 
plot(x f y); 

lbI=xLabeL[strcat £ ! Detail at X= 1 , numSstr (x_r) ) ) ; 
axis((x r-v_c/2 f x r+w_r/2, y r-h r/2 f y_r+h r/2J); 
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Points density 

The following chart is not only used in association with a map in background to show the 
density of animals, humans or any other stuff in an area or clicks on a web page perimeter but 
also in data mining (see also the available plots for another method using the statistical 
toolbox on page 772 and 773) 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


%Lon coordinates 
x=rand(100,1)*200-100; 

%Lat coordinates 
y=rand(100,1)*200-100; 

%Faux-measured data 

z=10*sin( (x*pi/ISO) . A 2+(y*pi/ISO) . A 2) +20; 

%Three steps of magic 

[X,Y]=meshgrid(unique(x),unique(y)); 

Z=griddata(x,y,z,X,Y); 

pcolor(X,Y,Z); 

shading interp; 

hold on; 

^Bubble plot of 3D data 
scatter(x,y,z, 1 filled 1 ) ; 
colorbar; 
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2D vertical/horizontal bar charts 

2D vertical bar charts are used a lot in business, statistics and finance. We will see here the 
most common usage of this type of charts and once again give a lot of tips to customize them 
because it is not as easy as in a spreadsheet software like Microsoft Excel. 

Multiple series bar chart 

First we begin with a very common task... Plot multiple series of data on a charts using the 
function bar() whose last parameter is the distance between the groups: 


G3 H 


1 

- 

2 

- 

3 

- 

4 


5 


6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 


15 

- 

16 


17 

- 

18 

- 

19 

- 

20 

— 


31 <5 - 5 © 

ulose all;clear all;clc 


figure 

set(gcf, 1 Menubar 1 f 1 none 1 , 1 Name 1 , 1 My chart 1 , ' NumberTitle 1 , 'off , 
' Color 1 , [0.8314 0.8157, 0.7483]); 

Switzerland=[3233 2323 1600]; 

France=[1340 9432 2304]; 

Austria=[900 1594 7000] 


bar(1:3,[Switzerland' France 1 Austria 1 ],1) 

set(gca, 1 Xtick' ,1:3, 1 xTickLabel 1 ,{ 1 Jan 1 , 1 Fev 1 , 1 Mar 1 }); 


legend( 1 Switzerland 1 , 1 France 1 , 1 Austria 1 ); 
xlabel ( 1 Month 1 ) ;ylatiel ( 1 Sales' ) ; 

title ('Sales by country ',' fontweight ',' bold' ,' fontsize ', 16) 
grid on 

set(gca, 1 Xcolor' ,[0.85 0.85 0.85]); 
set(gca, 1 Ycolor' ,[0.85 0.85 0.85]); 
setAxes=copyobj(gca,gcf); 

set(setAxes,' color' ,' none' , 'Xcolor' , 'h' ,' xgrid 1 , 1 


off' , 'Ycolor' , 'h' , 'ygrid' , 'off 1 


You can see at the end the trick to keep the major axis visible after we have customized the 
grid (this i& a small difficulty with bar charts...). 

The result looks like this: 
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If you want the gridline on the top you just need to write the following: 


IS 


H 


(Da- 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


close all;clear all;clc 
figure 

set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 My chart 1 , 1 NumiberTitle 1 , 1 off 1 , 
1 Color 1 , [0.8314 0.8157, 0.7483]); 

Suitzerland=[3233 2323 1600]; 

France=[1340 9432 2304]; 

Austria=[900 1594 7000]; 

bar(1:3,[Suitzerland 1 France 1 Austria'],l) 

set(gca, 1 Xtick 1 ,1:3, 1 xTickLaloel 1 ,{ 1 Jan 1 , 1 Fev 1 , 1 Mar 1 }); 

legend( 1 Switzerland 1 , 1 France 1 , 1 Austria 1 ) ; 

xlabel( 1 Month 1 );ylabel( 1 Sales 1 ) ; 

title ('Sales by country 1 , 1 fontweight 1 , 1 bold 1 , 1 fontsize 1 ,16); 


grid on 


You will get: 


My chart 


10000 


Sales by country 


Switzerland 

France 
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c/n 
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Stacked bar chart 

Another typical common chart in spreadsheet softwares is to create a stacked bar chart. This is 
very easy we just have to change the last parameter of the function bar() as you can see 
below: 


EDirQfl 

PUBLISH 

VIEW 

LuZU 




1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


%plot 2d histogranarie groupe 

^Pour normaliser 11 fault, diviser (11 n" exists pas de bar chart normalise 
*dans Wat iabS 

measles * [385S6 24472 14556 18060 19549 3122 28S4I 7380 3283 4135 7953 1884]; 
mumps = [20178 23 53 6 3 4561 37395 3 6072 32 237 13597 9403 6005 62 60 39 63 13 382]; 
chickenPox = [3714Q 32169 37533 391Q3 33244 23269 16737 5411 3435 6052 12325 23332], 
1 igure^ 


"stack 1 ); 


bar(1:12, [measles' mumps' chickemPox ' ] f 

[axis ( [0 13 0 100000]); 

title( 1 Childhood diseases by month 1 f 1 fontHeight 1 , 1 bold 1 , ! fontsite 1 # 16) 

xlabel ( 1 Month' ) ; 

ylabel ( * Cases (in thousands) " ] ; 

legend (■ Measles ' , 1 Humps 1 , 'Chicken pox'j; 

![im hatch^ color list] = appiyhatch pluscolor (1, 1 | - . x ' , 1 , [ 1 0 1 1]); 


The result will be: 


\\ 


I ■ Figure 1 
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Stacked normalized bar chart 

Even more frequent as stacked bar chart and use a lot in finance especially in the field of 
portfolio allocation, we have the stacked normalized bar chart. 

Because this type of chart doesn't exists in MATLAB you will always have to normalized you 
vectors yourself (simple arithmetic). The only trick to know otherwise is to give the parameter 
"1" to the bar() function to have a null distance between column bars: 



1 asset_l = [0.6 0.4 0.4 0.9]'; 

2 asset_2 = [0.2 0.3 0.4 0.05]'; 

3 asset_3 = [0.2 0.3 0.2 0.05]'; 

4 figure; 

5 bar(1:4, [asset_l*100 asset_2*100 asset_3* 100] , 1, 'stack'); 

6 axis([050 100]); 

7 title (' Portfolio allocation'); 

8 xlabel(' Portfolio model'); 

9 ylabel(' Weight (in percentages)'); 

10 legend(' Asset 1', 'Asset 2', 'Asset 3'); 

11 set [gca, 1 XTickLabel 1 , { 1 GHVP 1 , 1 GRHVP 1 , 1 MSRP 1 , 'VaRp|'}) 



The result will look as following: 


MATLAB 


347/1357 


































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Bar chart with error bars 

Now a very common bar chart in physics and statistics is this with error bars at the top of the 
bars. To do this it is simple if we mix our knowledge of the function bar() and errorbar() 
but we have to add a line at the end to manage an awful behavior of MATLAB with X and Y 
in such a situation: 



1 - clear all; clc;close all 

2 - intYears=12; 

3 - y=5*rand(intYears,1) ; 

4- e=stcl (y/2 ) *ones (size (y) ) ; 

5 - x=1991:1:1991+intYears-l; 

6 - bar (x, y) ; 

7 - hold on; 

3 - grid on; 

9 - h=errorbar(x,y, e) ; 

10 - set(h(1), 'color' , 'r' , 'LineStyle' , 'none' , 'LineWidth' ,2); 

11 %we are obliged to manage e.xes range otherwise the chart is sometimes awful 

12 - ylim([min(y-e)-1 max(y+e)+1]);xlim([(1991)-1 (1991+intYears-l)+1]) 

The result looks like: 



Figure I 
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Bar chart with bar having a special a color 

To change the color of only one bar the manipulation also difficult to guess. We have to build 
the bar chart bar by bar... as you can see here below: 


i 

1 

- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 





clear al1 ;clc;close all 
y=5*rand (3,1) ; 
e=std(y/2)*ones(size(y)); 
x=1991:1993; 
for i=l:length(y) 


if y(i)>3.5 


colorcode = 

' r' ; 

else 


colorcode = 

■b' ; 

end 



bar(i, y(i), colorcode); 


hold on; 

end 

set(gca, 1 Xtick' ,1:3, 1 XTickLabel 1 ,x) 
h=errorbar(1:3,y,e); 

set(h(1), 'color' , ' k' , 'LineStyle' , 'none' , 'LineWidth' ,2); 
ylim ( [-1 10] ) ;| 


The result will looks as following: 



1 Figure 1 
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Tornado Chart 

Tornados chart are used a lot in finance this is why we have to see how to create such a chart. 

First we will have to use the barh() function after to use a colormap trick for 
negative/positive values et set ticks manually and also to position values "manually" on the 
top of the bars as you can see bellow: 


ft 

n= 

1 

- 

2 


3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 


9 


10 


11 

- 


^ ^ ^ - s 


y=rand(5,1)*3-1.5; 
lib =barh (y) ; 

set (get (lib, 1 children 1 ) , 1 cdata 1 , sign(Y) ) ; 
colormap ([1 0 0; 0 0 1]); % red £ blue in rgb 
set(gca, 1 Ytick 1 ,1:5, 1 YTickLabel 1 ,{ 1 a 1 ; 'b 1 ; 'c 1 ; 'd' 

text (Yj1:5, num2str (y, 1 %0 .2f 1 ), 1 HorizontalAlignment 1 , 
1 VerticalAlignment 1 , 1 bottom 1 , 1 FontWeight 1 , 1 bold 1 

1 BackgroundColor 1 , [1 1 1]) 
xlim([-2 2]); 
grid on; 


; 1 e * 1 }) 

1 right 1 , 


The result will be: 


k\ 


| • Figure 1 
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Bar chart with line and multiple axis 

Sometimes users want to mix a chart line with a line chart for readiness purposes. For this 
purpose you can use the function plotyy( ) that not only management multiple axes but also 
multiple chart type as you can see below: 


til!) ioi 


<b> © 


1 


fFBdata = [ 1990 

4639 

16x4; 

1991 

5273 

17.4; 

1992 

5382 

17.4; 1993 

5173 

16.5; 

2 


1994 

4360 

15x4; 

1995 

4 675 

14.7; 

1996 

4313 

13.5; 1997 

4059 

12.5; 

3 


1996 

3355 

11x7; 

1999 

3 608 

10.3; 

2000 

3297 

9.7; 2001 

3332 

9.6; 

4 


2002 

3169 

9-0; 

2003 

3227 

9.0; 

2004 

2989 

3.2; 2005 

2903 

7.9; 

$ 


2006 

2779 

7-4; 

2007 

2725 

7.2] 

r 






6 

7 

e 

9 

10 

11 

13 

13 

14 

15 

16 

17 

18 

19 

20 
21 


years ■ TBdatajt,l); 
cases * TBdata(s,2); 
rate TBdata ( :, 3) ; 


[ 


[bx ; hi, h2] -I p lotyy j years, □ 


, years, rate, f bar' , 'plot'); 


set(hi, 'FaceCclor 1 , [0-3/ C-Q, 0.6)); 
set(h2/ 1 Linearidth 1 , 2 , * Natter 1 , 1 o 1 J ; 
grid on; 

title( ‘Tuberculosis Cases: 1991-2007' ); 
xlabelj ■Years 1 ); 

set (get (ax (1), 'Ylabel'), 'String 1 , ■Cases'); 

set(get(ax[2J , 'Ylabel'), 'String 1 , 'Infection rate in cases per thousand' \ ; 


The result will be: 




- Figure 1 
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Two series bar chart with multiple axis 

Another variant of the previous example is a multiple axis plot with two bar charts. For sure 
we will still use the plotyy() but MATLAB has a problem managing the same abscises 
values. Then we have to use a trick: 


G G\pocuments and ^etUna$\Administraieuir\eijreau\&ar r m 4 | 

affOR 

PUBLISH 

VIEW 


bi % . © 


1 

- 

TBdata = [1990 4609 

16-4; 1991 

5273 

17,4; 

1992 

5302 

17,4; 

1993 

5173 

16-. 5; 

2 


1994 4E60 

IE.4; 199E 

467E 

14.7; 

1996 

43 13 

13 . E; 

1997 

40 E9 

12 . E; 

3 


1998 3855 

11.7J 1999 

3 608 

10.8; 

2000 

3297 

9.7; 

2001 

3332 

9.6; 

4 


2002 3169 

9.0; 2003 

3227 

9.0; 

2004 

2969 

6.2; 

2005 

2903 

7.9; 

5 

g 


2006 2779 

7,4; 2007 

2725 

7,21 

j- 






7 

- 

yeats ■ TBdata ( : , 1 ) ; 










3 

- 

eases - TBdata(:,2 ] ; 










9 

- 

race = TBdata (: x 3 ]; 











10 

11 - [aK, hi, h2) ■ plotyy |^acs-^^|i cases, jyea^+^^J cate, 'bac', bar 1 ); 

12 - sec(gca, 1 xclclf , 1990; l :2007]; 

13 

14- set(hi, 1 FaceColoc 1 , ' r 1 , 1 bataridth 1 ,0,4J; 

15 “ set(h2, 1 FaceColor: 1 f 1 b ' , ' bacwidth 1 f 0.4J ; 

16 


17 - t i c le ( 1 Tube ire ulos is Cases: 1991 -2 007 1 ); 

13 — x label ( 1 Teats 1 ] ; 

19 

20- set (Qet (ax (1] , p Ylabel p J, p String 1 # p Cues 1 , 1 color p , ■ c 1 ) ; 

21- sec (gee (ax {2} , ’Ylatael 1 ), 1 String 1 , 'Infection race incases per thousand 1 , - color ■ 1 ■ b 1 ) ; 

22 

23 ~ set(ax(1], 1 yticfc 1 ,0:1000;10000J ; 

24 - set (Ax (2] , 1 ytiefe 1 , 0: 1:20, 1 FontSize' ,7]i ; 

£5 - sec (ax (1), 1 ioncslEe 1 ,7} 

2 $ - set (ax (2)* ‘xticlc* , [) } 
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Probability histogram with density curve (pdf) 

This is one on the most used bar chart type in Statistics. To make a PDF (probability density 
function) of a random variable we need to use the two functions hist() and bar() together: 


EDITOR 

PUBLISH 

vcw 


^ © 



1 ^variable aieatoire normale centree d'esperance 2 et d*£cart-type umtaire 

2 - y^randn(1000,1) + 2; k le +2 est pour decaler la rnoyenne a la valeur dc 2 

3 - 

4 - 

5 - 

6 - 

7 - STD-sqrt(mean((y-MEAN). A 2)); 

8 - f=(l/(STD*sqrt(2*pi)))*exp(-0.5*((x-HEAN)/STD). A 2); 

9 - f-f *3um(n)/surn(f); 

10 - hold on 

11 - plot (x, t, ' t* , ' LineUidth' ,2); 

12- xlabel( X' );ylabel(' Frequency* ); 

13 - title (' $\bf<N (x, \rrm, \sigma) «\ frac< 1) < \sigma\sqrt<2\pi! ) e‘ : -\f raci (x-\rou) A 2> 2\sigrna A 2 > 3 

14 'interpreter ', •latex' , 'fontsize' , 

The result will be: 





x=-4:Q.1;6; 
n-hist(y,x); 
bar(x / n); 

HEAN-mean(y); 


MATLAB 


354/1357 

































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Handle charts 


Handle graphics provide you with a rich set of functions and properties for generating 
imagery using MATLAB. Here's a brief resume to handle graphics for creating publication 
quality plots. 

Consider the following example: 


* 


MATLAB Command Window 


n 


» x = 1:10; 

» y = 1:10; 

►> h = plot(x, y, ’bx-' ) ; 

» 


□ 


Figure 1 


_ n 



This will plot a series of 10 blue x's, connected by a solid blue line and assigns a handle, in the 
form of a number, to the object. This handle can then be used to view or modify the object's 
properties. Storing the handle in a variable (h, in this case) allows for easier access to the 
object. 

We can create the same plot more explicitly by specifying the properties we want the object to 
have after creation: 
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♦ 


MATLAB Command Window 


n 


X 


» h 

» 


plot(x, y, 'Marker', 'x' f 'Color' f 'b', ' LineStyle', 


□ 


Figure 1 


File Edit View Insert Tools Desktop Window Help 


0 


_ n 



This also plots 10 blue x's, connected by a solid blue line. 

What if we want to view all of the properties of the line object after we plot it? We can use the 
MATLAB method get( ) to view them: 
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MATLA.B Command Window 


>> get(h) 


DisplayName: 

. * * 

Annotation 

[1x1 hg .Annotation] 

Color 

[0 0 1] 

LineStyle 

i _ * 

LineUidth 

0.5000 

Marker 

'X' 

MarkerSize 

6 

MarkerEdgeColor 

'auto 1 

MarkerFaceCoior 

■ none' 

XData 

[123456789 

VData 

[1 23456789 

ZData 

[1x0 double] 

BeingDeleted 

■off 

ButtonDownFcn 

[] 

Children 

[0x1 double] 

Clipping 

'on' 

CreateFcn 

[] 

DeleteFcn 

[] 

BusyAction 

' queue‘ 

Hand l pUisihi I ity 

'on' 

HitTest 

'on' 

Interruptible 

'on' 

Selected 

'off' 

SelectionHighlight 

'on' 

Tag 

i ■ 

Type 

'line' 

UIContextMenu 

[] 

UserData 

□ 

Visible 

'on' 

Parent 

173.0011 

XDataMode 

'manual' 

XDataSource 

i i 

VDataSource 

i i 

ZDataSource 

* * 


10 ] 

10 ] 


This displays all of the properties of the line we just plotted. Most of the properties can be 
changed using set, while a few are read-only. 

If we want to change the blue x's to filled red circles connected by a dashed line, we would do 
the following: 
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♦ 


MATLAB Command Window 


n 


X 


» set(h, ’Marker*, ’x*, ’MarkerFaceColor’, ’r’, ’MarkerEdgeColor*, ’r’ t ’LineStyle’, ’—’); 

» 



^ \ v' 

While assigning a graphic's object to a variable simplifies modifying the object after creation, 
there are ways to access a graphics object even if you forget. MATLAB provides access to 
recently plotted or accessed objects through a number the pre-defined variables gcf (handle to 
the current figure), gca (handle to the current axis) and geo (handle to the current object, 
which is almost always the graphics object created as the result of the last graphics 
command). 

Here's how they work: 

Let's say we want to look at the properties of the newly created figure window. I can use get, 
but I need to specify the handle of the figure window, which we did not explicitly store in a 
variable. MATLAB's pre-defined gcf (get current figure) contains the handle to the most 
recently accessed figure: 
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MATLAB Command Window 


n 



\» get(gcf) 


Alphamap = [ (1 by 64) double array] 

CloseRequestFcn = closereq 
Color = [0.8 0.8 0.8] 

Colormap = [ (64 by 3) double array] 

Currentfixes - [173.001] 

CurrontCharacter = 

CurrentObject = [] 

CurrentPoint = [O fl] 

DockControis - on 
FileName = 

IntegerHandle = on 
InvertHardcopy = on 
KeyPressFcn = 

KeyReleaseFcn = 

MenuBar - Figure 
Name = 

NextPlot = add 
NumberTitle - on 
PaperUnits = centimeters 
PaperOrientation = portrait 

PaperPOSitlon = [0.634517 6.34517 20-3046 15.2284] 
PaperPositionMode = manual 
PaperSize = [20.984 29.6774] 

PaperType = A4 
Pointer = arrow 

PointerShapeCOata = [ (16 by 16) duulile array] 
PointerSbapeHotSpot = [1 1] 

Position - [398 239 560 420] 

Renderer = painters 
RendererMode = auto 
Resize = on 
ResizeFcn = 

Select!onType = normal 
ToolBar = auto 
Units = pixels 
WindowButtonDownFcn = 

WindowButtonMotionFcn = 

UindoijBut tonUpFcn = 

WindowKeyPressFcn - 
WindowKeyReleaseFcn = 

WindowScrollWheelFcn = 

WindowStyle = normal 

BeingDeleted = off 
ButtonbounFcn = 

Children = [173.001] 

Clipping = on 
CreateFcn = 

DeleteFcn = 

Busyfiction = queue v 


As we already know we can change the figure window properties using also the set( ) method. 


The same thing goes for the axes we just plotted the line on. We didn't explicitly store the 
handle to the axes in a variable, so we can use gca (get current axis) to access it: 
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MATLAB Command Window 


n 



» get(gca) 


ActiuePositionProperty = outerposition 
ALim = [0 1] 

ALinHode = auto 
AmbientLigbtColor = [1 1 1] 

Box = on 

CameraPosition = [5.5 5.5 17.32i5] 

CameraPositionflode = auto 
CameraTarget - [5.5 5.5 i] 

Carrier alar getHode - auto 
CameraUpUector = [01 0] 

CaneraUpUectorhode = auto 
CameraUiewAngle = [6.60861] 

CaroeraUiewAngleMode - auto 
CLim - [0i 1] 

CLimMode - auto 
Color =[111] 

CurrentPoint = [ (2 by 3) double array] 

ColorOrder - [ (7 by 3) double array] 

DataAspectRatio = [4.5 4.5 1] 

DataAspectRatioMode = auto 
DrayHode = normal 
FontAngle = normal 
FontName = Helvetica 
FontSize - [10] 

Fonttlnits = points 
FontWeight - normal 
GridLineStyle = : 

Layer - bottom 
LineStyleOrder = - 
LineWidth = [0.5] 

NinorGridLineStyle = : 

NextPlot = replace 
OuterPosition = [0 0 1 1] 

PlotBoxAspectRatio ^[111] 

PlotBoxAspectRatioMode = auto 
Projection = orthographic 
Position = [0.13 0.11 0.775 0.815] 

TickLength - [0.O1 0.O25] 

TickDir - in 
TickDirMode = auto 

Tight Inset = [0.0321429 0.0404762 0.0142857 0,019 0476] 
Title = [175.001] 

Units - normalized 
Uiew - [i 90] 

XColor = [000] 

XDir = normal 
XGrid = off 
XLabel = [176.001] 

XAxisLocation = bottom 

XLim - [1 10] v 


< 


> 


As we know we can modify the bounds of the y-axis: 
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MATLAB Command Window 


_ n 


» set(gca, 'VLin*, [5 20]); 


□ 


Figure 1 


_ n 



So that's the idea to manage imagery using MATLAB's handle graphics. It's always good 
practice to save graphics handles to variables if you think you’ll need to modify their 
properties later. 


landles to v 
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2D Correlation Heatmap 

This is a well know standard in Finance. We have to use a trick of image processing with the 
function image() to get the result we want but MATLAB is not as flexible as R for this type 
ofjob: 



1 

- 

2 


3 

- 

4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 

- 

17 

- 

18 

- 

19 


20 

- 

21 


22 

- 

23 

- 

24 

- 

25 

- 

26 

- 


clear all; clc;close all; 


T=[-0.017516 -0.328775 0.023053 0.003086 0.000616; 
-0.198426 -0.020374 -0.1014156 -0.106059 -0.093423; 
0.122761 0.197863 0.103410 0.023046 0.057627; 
-0.034988 0.063419 0.038501 0.054376 -0.086538; 
-0.000267 0.018141 0.023415 0.040521 0.125614; 
-0.002667 -0.172160 -0.060057 -0.023602 0.015586; 
0.021390 -0.180791 0.009128 0.084602 0.042971; 
0.142932 0.153366 0.030151 0.042345 0.041789; 
0.072148 -0.232346 0.027317 0.015608 -0.049718; 
-0.034822 -0.229599 0.037037 0 -0.007729; 

-0.039398 -0.545980 -0.075092 -0.043158 -0.014979 ; 
-0.082719 0.558855 -0.110891 -0.329373 -0.102798]; 


data_matrix = corrcoef(T); 

rotr_name = { 1 Asset 1 1 , 1 Asset 2 1 , 1 Asset 3 1 , 1 Asset 4 1 , 1 Asset 5 1 }; 
col_naitie = { 1 Asset 1 1 , 1 Asset 2 1 , 1 Asset 3 1 , 1 Asset 4 1 , 1 Asset 5 1 } ; 

image sc (data_mtrix) ; 
colorbar ;| 

title ( 1 Portfolio Correlation Heatmap Matrix ); 

set(gca, 1 XTick 1 ,[1:5] ) 

set(gca, 1 XTickLatoel 1 ,col_name) 

set (gca, 1 YTick 1 ,__[_1:5] ) 

set(gca, 1 yTickLatoel 1 ,rou_name) 
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The result is on next page: 
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3D vertical bar charts 

I'm not a fan of this type of chart then we will go quickly trough. The idea is quite simple but 
like always, here we use the bar3() function and some tricks to manage ticks correctly with 
MATLAB (for sure... same can be done horizontally...): 




^ B 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


x=[2 4 9 11]; 
mat=[10 87; 235; 


12 13 11; 4 5 3]; 


bar3(x,mat,0.5, 1 detached 1 ); 
set(gca, 'ytick', [1:1:10]); 
setfgca, 1 yticklabel 1 , (2000:1:2009)) 


set(gca, 1 FontSize' , 9, 'FontName 1 , 1 Times 1 ); 

title ({'3D Bar chart 1 ; 1 Vertical version 1 }, 1 FontWeight 1 , 1 bold 1 
xlabel( 1 month 1 ); 
ylabel( 1 year 1 ) ; 
ylabel( 1 quantity 1 ) ; 

legend( 1 First Serie 1 , 1 Seconds Serie 1 , 1 Third Serie'); 
legend(gca, 1 location 1 , 'Northwest' ) 
jrotate3d on| 


You can see also the rotate3d command to let the user rotate the chart even if no toolbars are 
available on the chart. 


The result will be: 



1 *, Figure 1 
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You can make the result a little bit prettier by using a lot of MATLAB hidden tricks: 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


x=[2 4 9 11] ; 

mat=[10 S 7; 2 3 5; 12 13 11; 453]; 

h=bar3(x,mat,0.5, 1 detached 1 ) ; 
colormap cool 
colorbar 
shading interp 
E for i = 1:length(h) 

zdata = get(h(i), 1 ZData 1 ); 
set(h(i), 1 CData 1 ,zdata) 

% Add back edge color removed by interpolating shading 
set(h, 1 EdgeColor 1 , 1 k 1 ) 

L end 

set (gca, 'ytick 1 , [2:1:11] J ; 

set(gca, 1 yticklabel 1 , (2000:1:2009)) 

set(gca, 1 FontSize 1 ,9, 1 FontName 1 , 1 Times 1 ) ; 

title ({'3D Ear chart 1 ; 1 Vertical version 1 }, 1 FontUeight 1 , 1 bold 1 ); 
xlabel( 1 month 1 ) ; 
ylabel( 1 year 1 ) ; 
ylabel( 1 quantity 1 ) ; 


The result will be: 


W y 


|*J Figure i 
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2D/3D sectors charts (cheese/pie charts) 

Ok another typical type of chart that is not critical but I strongly recommend you to go on the 
website of MATLAB file exchange to take a look to the free beautiful 3D sector chart 
Toolbox. 

But here see what are the basics to know first using the function pie() and the trick to add the 
values to the different sectors: 


EDITOR 


PUBLISH 




@ 13 . ^ S 


x- [13 0.52.5 2]; 

labels ■ ( 1 Taxes 1 , 1 Expenses 1 , 1 Profit 1 * 1 Perdu ' , 1 Eons 1 }; 
explode = [O 1 Q 0 0] ; _ 


h-pie(x,explode); 

legend(findobj(h, 1 type 1 , 'patch' ), labels. 


Location 1 , 1 Eastoutside 1 ) 


coloraep jet; 

title ( 1 Graphique a secteurs 1 , 1 fontweight 1 # 'IdoI d 1 , 1 fontsize 1 , 16) 


The result is: 


V V 


*) Figure i 





IBB 
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Or if we want to control the color for each sector part this is once again difficult to guess: 



1 clear all;clc;close all 

2 h = [1 3 0.5 2.5 2] ; *5 values? 

3 labels = { 1 Taxes 1 , 1 bepenses 1 , 1 Prof it 1 , 1 Perdu 1 , 1 Dons 1 }; 

4 explode = [0 1000]; 

5 h=piefx,exp lode} ; 

6 legend(findobj(h, 1 t^pe 1 ,, B patch 1 ) f labels, 1 Locat ion' f ■EastOutside 1 ) 

? 
a 

9 

10 

11 t itle ( 1 Graphique a secteurs 1 , 1 tout weight 1 f "bold 1 f 1 1 ontsise 1 ,16) ; 

The result is: 


1 * Figure 1 







File Edit View Insert 

Tools DeskJtop Window Help 




■■si 

D0 d ^ 


% % © ® « A - 

|=Tlf 

□ 

m 

□ o 


Graphique a secteurs 

11% 


I i Taxes 

I I Depenses 

I I Profit 

Perdu 
■■ Dons 


6 % 



Ssthe h veccoc contains 

10 

components (2 times B\) 

set(h(l), 

1 Facecoloc 1 , 1 

y 

1 i 

*Chi3 

is 
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c 
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is 
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k 

) 
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is 
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And in 3D with the function pie3( ): 


m El B © 




1 - close all;clear: all;clc 

2 - explode=[0 1000]; 

3 - labels={ 1 Taxes 1 , 1 Depenses 1 , 1 Profit 1 , 1 Perdu 1 , 1 Dons 1 } ; 

4 - x=[l 3 0.5 2.5 2] ; 

5 - pie3 (x,explode); 

6 - legend(labels, 1 Location 1 , 1 SouthEast 1 ); 

7 - title( 1 Graphique a secteurs 1 , 1 fontueight 1 , 1 bold 1 , 1 fontsize 1 ,16) 


This will give: 


E 


Figure I 
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We can also create animated 3D pie charts: 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 


colormap(hsv(6)) 
x = [1 0.25 3 2.5 2 1] ; 
explode =[0 1 0 0 0 1]; 

h = pie3 (x, explode, repmat({ 1 1 }, size(x))); 
n = ISO; 

mov(n) = getframe; 

[Hfor i = 1: n 

rotate(h, [20 20], 360 f n); 

mov(i) = getframe; 

L end 

movie2gif(mov, 1 pie4.gif 1 , 'DelayTime 1 , 0.5 / n) 


This give us an animated pie chart: 


V Figure 1 
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2D Surface/Area charts 

Are chart are not used a lot as they are in a first place but they are used a lot in Finance and 
Econometrics to create custom time series confidence interval (the default one of MATLAB 
or almost horrible and a too limited). 

First let us see a very basic example: 


EDITOR PUBLISH VEW 


1 

2 

3 

4 

5 

6 
7 
S 
g 

10 

11 

12 
13 


, Ja <3 

clear all; close all;clt 
x » 2004;2008; 

sales - [SI-6 33-4 90-3 59*1 47,0}; 

profits = [19,3 34.2 €1.4 SO.S 29,4]; _ 

area (k, sales, Lor ',[.5 .9 .£],'ldge( lUUi f Z) ; 

ho id on; 

legend({ 1 Sales 1 , 1 Profit 1 }, 'Location 1 , 1 Worthiest 1 ); 
set (gca , 1 XTiofc 1 , x ); 
set (gca, 1 XGrid 1 ,'on 1 ]; 
set (gea, 1 Layer 1 , 1 cop 1 l; 

title ('Area chart demo 1 , 1 font weight 1 , 1 hold , 1 fontsi£e' ,16J; 
xlabel ( 1 Years' J ;ylabel ( 1 Values ' ) : 


The result will be: 


Figure 1 
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d & a & 


% % O ® # A - I III □ I 


0 


Area chart demo 


4 



MATLAB 


370/1357 































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Now a much more interesting usage of area charts is to use them as pseudo-confidence 
interval. Here is a small example of the trick that mixed the function area() and plot() that 
you can complicate much more with multiple confidence intervals not just one! 


EDITOR PUBLISH VIEW 

IS 

tiol J u i - j £s 

1 


x = 2004:2008; 

2 


sales = [51.6 82.4 90.8 59.1 47.0]; 

3 


profits = [19.3 34.2 61.4 50.5 29.4]; 

4 


forecast = [40 60 70 55 35]; 

5 


hl=area(x,sales, 1 FaceColor 1 , [.5 .9 .6], 1 EdgeColor 1 , [.5 .9 .6]); 

6 


hold on; 

7 


h2=area(x,profits, 1 FaceColor 1 ,[1 1 1], 1 EdgeColor 1 ,[.9 .85 .7]); 

8 


h3=plot(x,forecast); 

9 


legend([hi h3] f { 1 Sales 1 , 1 Estimator 1 }, 1 Location 1 , 'Northwest 1 ); 

10 


set(gca, 1 XTick 1 ,x); 

11 


set(gca, 1 XGrid 1 , 1 on 1 ); 

12 


set(gca, 1 Layer 1 , 1 top 1 ); 

13 


title[ 1 Pseudo Confidence Interval 1 , 1 fontweight 1 , 1 bold 1 , 1 fontsise 1 ,16); 

14 


xlabel( 1 Years 1 );ylabel[ 1 Values 1 ); 


The result will be: 


AJ V 


1 Figure I 
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Radial (rose) bar chart/arrow (compass) chart 

The radial bar chart is especially used in spatial statistics and electronic. 

Caution! Even if the rose( ) function give as output a chart in degrees, the input vector must 
be in radians! 


Even if the chat below is a simple example, it is false because we did not convert the angles in 
radians... but that doesn't really matter because the purpose is just to see the syntax of the 
function rose(): 




1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


clear all;close all;clc 
load sunspot.dat 

%ve cake the second column of che dacaset chat contains the counts 

theta - sunspot(:,2); 

^we^divid^^^^ins^aSO # /12 - 3 0 # ) 

[ros^jjlot^tos^theta^^J 

title(' Counts of birds following direction' ,' fontweight . 

'bold' , 'fontsize’ ,16) 
xiabel(' angle (degrees)'); 

*ve change the colors of the bars 

x * * get(rose_plot, ’MData' ) ; 
y - get(rose_piot, 'YData' ) ; 
rose plot ■ patch(x, y, 'b'); 


The result is: 



1 *J Figure 1 
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And because each vector has 48 components that mean that each triangle is in reality a 
rectangle with 4 coordinates. Thus to change the color of only one rectangle we have to play a 
little bit: 



EDITOF 

? PUBLISH VIEW 

IS 

bn 

. B 

1 


load sunspot.dat 

2 


theta=sunspot(:,2); 

3 


rose plot=rose(theta,12); 

4 


title( 1 Counts of birds following direction 1 , 1 fontweight 1 , ... 

5 


'bold' , 'fontsize 1 ,16) 

6 


xlabel( 1 angle (degrees) 1 ) 

7 



x=get(rose plot, 1 XData 1 ); 


3 



y=get(rose plot, 1 YData 1 ); 


9 



rose M plot=patch(x,y, 'b' ); 


10 



_r_o_s_e^_l_ot = patch (x (5 : 9) , y (5 : 9) , 'r' ) ; 


11 



rose plot = patch(x(16:20),y(16:20), 1 g 1 ) ; 






The result will be: 
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And now for electronic engineers see how we can plot phase vectors using the compass() 
function and some tricks to change the color of the arrows...: 



1 close all;clear all;clc 

2 Z=[3+2*li;-2+4*li] ; 

3 color =[10 1 0] ; %red and green] 

4 h=compass(Z); 

5 set(h,{ 'Color'}, numZcell(color,2), 'Line Width' ,2); 

6 str={ 'Tension' 'Courant' }; 

7 legend(h,str, 'Location' , 'BestOutside' ) ; 


The result will be: 


*, Figure I 
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Pareto chart 

Pareto charts in MATLAB are very limited and basics as in most Statistical softwares by 
default. Then you will have to do a lot of additions to get something professional. 

But let us see the default possibilities of MATLAB about this type of chart using the function 

pareto(): 


is 


^ - 


1 codelines = [200 120 555 608 1024 101 57 687]; 

2 coders = { 1 Fred 1 , 1 Ginger 1 , ' Norman 1 , ' Max 1 , ' Julia 1 , 'Ually' , ' Heidi 1 , ' Pat 1 } , 

3 pareto(codelines, coders) 

4 title ('Lines of Code by Programmer ',' fontweight . 

5 1 bold 1 , 1 fontsize 1 ,16) 

6 ylabel( 1 Number of line of codes'); 

7 grid on| 


And the result will be...: 



Figure 1 
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Plotmatrix 

Matrix plots are very disappointing in MATLAB in comparison of R... The only one thing 
that we can do (as far as I know) are histograms on the diagonal and dot charts otherwise. 

Let us see this with our famous small dataset of 5 assets and by using the function 

plotmatrix(): 


EDITOR 

PUBLISH 

VIEW 

1- 

3 © 



1 T=[-0.017516 -0.323775 0.023053 0.003036 0.000616; 

2 -0.19342 6 -0.02 03 74 -0.1014156 -0.106059 -0.093423 

3 0.122761 0.197363 0.103410 0.023046 0.057627; 

4 -0.034933 0.063419 0.033501 0.054376 -0.036533; 

5 -0.000267 0.013141 0.023415 0.040521 0.125614; 

6 -0.002667 -0.172160 -0.060057 -0.023602 0.015536; 

7 0.021390 -0.130791 0.009123 0.034602 0.042971; 

3 0.142932 0.153366 0.030151 0.042345 0.041739; 

9 0.072143 -0.232346 0.027317 0.015603 -0.049713; 

10 -0.034322 -0.229599 0.037037 0 -0.007729; 

11 -0.039393 -0.545930 -0.075092 -0.043153 -0.014979 

12 -0.032719 0.553355 -0.110391 -0.329373 -0.102793]; 

13 ax] =plotmatrix(T, 1 *r 1 ); 

14 title( 1 Pairwise Correlation of Historical Returns' 

15 1 bold 1 , 1 fontsize 1 , 16) ; 

16 names={ 1 Titrel 1 , 1 Titre2 1 , 1 Titre3 1 , 1 Titre4 1 , 1 TitreS 

17 F for i = 1:length(names) 

13 ylatiel (ax ( i, 1) , names{ i} ) ; 

19 xlakel(ax(end,i),names{ i} ) ; 

20 end| 


The result will be: 


fontweight 1 f 
}; 
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3D parametric plots 

3D parametric plots are especially used by engineers that work on spatial rockets or with 
drones. We can see also some biologists plotting the trajectory of a tracked bird. Otherwise it 
is more a plot family use in academics fields for pedagogical purposes. 


Vector based 3D parametric line plot 


Let us begin with the function plot3() that can be useful to plot a parametric line in space 
with or without points visible on the line when you have vector of points in the time: 


axroR 

PUBLISH 

VIEW 

loJ 

* S fa: © 



1 clear all;ciose all;cle 

2 figure; 

3 set (gef, ! Menubar 1 , 1 none 1 # 1 Wame 1 f 1 My Chart. 1 f ' NumberTit le p f ' off 1 f . . * 

4 K Coloir% [0.3314 0,8157 0*7483] ) ; 

5 t s 0:pi/5C:5*pi; 

6 sc ■ 

7 ct - lQigostt); 

9 grid on; 

10 x label (■ x 1 J ;ylabel ( 1 y 1 ) ; zlabel( 1 | 

11 title( 1 Simple 3 0 parametr ic plot 1 , 1 fontweight 1 , 1 Sold 1 j 1 fonts i te 1 4 14 * 

12 axis equal; 
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Animated or non-animated analytic based 3D parametric line plot 

If you want to animate an analytical parametric plot expression (typical in academics classes) 
you can easily do it by using the function ezplot3(): 



See the Repeat button on the bottom left comer! 
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Animated vector based 3D parametric line plot 

If you don't have an analytical expression but only vector with the points of evolution in 
space-time the comet3() function can show you the animated plot by doing a linear 
interpolation (when possible...) between each for the fluidity of the animation: 



1 ^saitie thing with comet3 but it use a linear interpolation 

2 %and ue can see that by increasing the step 

3 t = -10*pi:pi/250:10*pi; 

4 |coniet3J^iii^^^osJ^^^J 

5 %axis and title will appear after animation 

6 xlabel ( 1 x 1 ) ; ylabel ( 1 y 1 ) ; zlabel ('s') 

7 title( 1 x=sin(t),y=cos(t), z=t 1 ); 


The result will be: 



# Figure I 
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Vector based 3D stem parametric line plot 

This plot is especially used in rocket science to see over what the rocket was on the ground 
(or on the water in most cases...) on in GPS tracking. For this purpose you use the function 
stem3(): 
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Vector based 3D surface parametric plot 

This type of plots is mainly academics but I saw them sometimes used in General Relativity 
(but still for academic pedagogical purposes). 

Let us begin with the most simple parametric plot (a cylinder) to deeply understand how to 
manipulate the meshgrid() and mesh() functions that are also sometimes used in Finance: 



1 close all;clear all;clc 

2 figure 

3 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumiberTitle 1 , 1 off 1 , . . . 

4 1 Color 1 , [0.8314 0.8157, 0.7483] , 1 Position 1 , [300 100 500 400]); 

5 

6 theta=linspace(0,2*pi,40); 

7 z=linspace(-2,2,40) ; 

8 [z,theta]=meshgrid(z,theta) ; 

9 r=3; 

10 

11 x = r*cos(theta); 

12 y = r*sin(theta); 

13 

14 %mesh(x,y,z); ^vertical cylinder 

15 mesh(z, x, y); ^horizontal cylinder 

16 title ('Fluid Flow 1 ); 

17 xlatoel ('x 1 );ylatoel( 1 y 1 );zlatoel( 1 z 1 ); 
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And what about a simple sphere with transparency on the surface to be able to see trough: 



1 - close all;clear all;clc 

2 - figure 

3 - set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumiberTitle 1 , 1 off 1 , . . . 

4 1 Color 1 , [0.8314 0.8157, 0.7483] , 1 Position 1 , [300 100 500 400]); 

5 

6 - phi=linspace(0,pi,30); 

7 - theta=linspace(0,2*pi,30); 

8 - [phi,theta]=meshgrid(phi,theta); 

9 

10 - x=sin(phi).*cos(theta); 

11 - y=sin(phi).*sin(theta); 

12 - z=cos(phi); 

13 

14- mhndl=mesh(x,y,z); 

15 - set(mhndl, 1 FaceAlpha 1 ,0.5); 

16 - axis equal; 

17 

18 - t it le ( 1 Parametr ic| Sphere 1 ); 

19 - xlatiel ( 1 x 1 ) ; Ylat'el ( 1 y 1 ) ; slatiel ( 1 z 1 ) ; 


The result will be: 
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Something that seems to be easy but has no built-in function in MATLAB as far as I know is 
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Or in another way using the function patch(): 



The result will be: 
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Now have a look of the logical continuity that is the cone but by adding transparency to the 
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EDITOR PUBLISH 

VIEW 

14J IkI © 


1 ll 

close all;clear all;clc 


21 

figure 



31 

set(gcf, 1 Menu! 

^r 1 , 1 none 1 , 1 Name 1 , 1 Hon graph 1 , 1 NumberTitle 1 , 1 off 1 , ... 


4 

5 

1 Color 1 , [^[277 x181^1^ U.74B3J ) ; 


6 

r=linspace(0,1 

.,20) ; 


7 

theta=linspace(0,2 *pi,20) ; 


8 

%and r and theta becomes now a 20x20 matrix 


9 

[r, theta] =|neshgr id (r, theta) ;| 


10 




11 

%we change frd 

jm cylindric to cart, coordinates 


12 

x=r . *cos (theta) ; 


13 

y=r.*sin(theta); 


14 

z = r; 



15 




16 

mhndl=|fiesh (x,y,z) ; | 


17 

set(mhndl, 1 EdgeColor 1 ,[-6,-6,.6], 1 raceAlpha 1 ,0.5, 1 EdgeAlpha 1 ,0.5); 


18 

xlabel( 1 x 1 ) ; yl 

.abel ( 1 y 1 ) ; zlabel ('s'); 


19 

t itle( 1 Simple 

3D surface parametrice plot 1 , 1 fontweight 1 , 1 bold 1 , 1 fontsize 1 ,16) ; 

20 

axis equal; 



21 

|box on; | 



22 

rotate3d on; 




The result will looks like following: 

Simple 3D surface parametric plot 


Mon graph 



Continue now with a little bit more sophisticated version near of what I saw once in General 
Relativity (a path on a curve surface) using a mix of the functions meshgrid(), mesh() and 
line(): 
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1 close ail;ciear aii;ele 

2 figure 


3 

4 

5 
S 
7 
3 
9 

10 

11 


set (gcf, ' Kcnutonr 1 , 1 none' , 1 MftrLC 1 1 Eon graph 1 f 1 Number Tit. Lc 1 , 1 off 1 , . . . 

1 Color- ( (0.6314 0.6137 0.7^65]); 


c-linspace1,20); 
theta=linspace *0,2 ^1,20]; 

Lr * theta] =meshgs:id(c, theta] ; 


x-r . 'cos (theta) ;y-r. *sln(cftjeca) ; s m r; 
rnihntil=meaMK, y, £); 


12 set(mhndl t EdgeCo Lor ! ,[.6,.6,.6] , 1 FaceAlphs 1 f □-5, ' EdgeAlpha 1 ,0.5); 

13 

14 %now ire add a line on the surface and this can toe done only if the 

15 ^surface and the Line trigoncoraetric ±unctin have the sample amplitude 

16 %(■! in this example) 

17 r=lan3pace(O,1,200); 

IS M-r.*Gaa(20*r)jy s: i: J *sin(20 *r|) ; z=r ; 


20 |gurfLine=line <k, y, s) ;| 

31 3et [sur ±L me, Color' , [ . 62 E, O, O] , ' Lirjellidth 1 f %\ 

22 

23 xlabel(" x" );y label( 1 y 1 };Elatoel£ 1 s' ); 

tit let 1 Simple 31' surface pacaraetrice plot 1 , 1 font we ight * too Id 1 , 1 footsize 1 ,15) ; 

2S axis equal; 

26- box on; 

27 rotateSd on; 


The result will looks like: 



And now just for practice a composition of academics stuff (cone, line, plane): 
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EDITOR PUBLISH 

VIEW 

IS IS ( - ^ - B 



1 close all;clear all;clc 

2 figure 

3 set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Hon graph 1 , 1 NumberTitle 1 , 1 off 1 , . . . 


4 1 Color 1 , [0.8314 0.8157 0.7483]); 

5 

6 %-cone 


7 r=linspace(0,1,20) ; 

8 theta=linspace(0,2*pi,20) ; 

9 [r,theta]=meshgrid(r,theta) ; 

10 x=r.*cos(theta);y=r.*sin(theta); z=r; 

11 mhndl=mesh(x,y,z); 

12 set(mhndl, 1 EdgeColor ',[.6,.6, .6],' FaceAlpha 1 ,0.5, 1 EdgeAlpha 1 ,0.5) ; 

13 %- line 

14 r=linspace(0,1,200); 

15 x=r.*cos(20*r);y=r.*sin(20*r);z=r; 

16 surfLine=line(x,y,z); 

17 set(surfLine,'Color',[.62 5,0,0], 1 LineUidth 1 , 2 ) 

18 %-now we add a square plane at middle height 

19 hold on 

20 [x,y]=meshgrid(-1:0.2:1) ; 

21 z=0.5*ones(size(x) ) ; 

22 plane=mesh(x, y, z) ; 

23 set(plane, 1 EdgeColor 1 , [0.6,0.4,0] , 1 FaceAlpha 1 ,0.5) 

24 

25 xlatielf'x'^ylatielf'y'^zlatielf'z 1 ); 

26 title( 1 Simple 3D surface parametrice plot 1 , 1 fontweight 1 , 1 hold 1 , 1 fontsize 1 ,16); 

27 axis equal;box on;rotate3d on; 
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This is also a very academic example to practice with a little bit more complicate surface (a 
tore): 


EDITOR PUBLISH VIEW 


Gnl Ik, <a> B 

1 

close all;clear all;clc 


2 

figure 


3 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Hon graph 1 , 1 NumberTitle 1 , 1 off 1 , .. . 


4 

c 

1 Color 1 , [0.8314 0.8157 0.7483]); 


0 

6 

a=7;b=2;c=3; 


7 

u=linspace(0,2*pi,20); 


8 

v=linspace(0,2*pi,20); 


9 

[u,v]=meshgrid(u,v); 


10 

x=(a+b*cos(u)).*cos(v); 


11 

y=[a+b*cos(u)).*sin(v); 


12 

z=c*sin(u); 


13 



14 

tore=mesh [x f y,z); 


15 

set(tore, 1 EdgeColor ',[.6,.6,.6],' raceAlpha 1 ,0.5, 1 EdgeAlpha 1 ,0.5); 


16 

axis equal 


17 



13 

xlabel ( 1 x 1 ) ;ylabel('y' ) ;zlabel(' z 1 ) ;| 


19 

title( 1 Simple 3D surface parametrice plot 1 , 1 fontweight 1 , 1 bold 1 , 1 fontsize 1 ,16); 

20 

axis equal;box on;rotate3d on; 
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And always for practice purposes: 


EDITOR PUBLISH VIEW 

® to) Jl . © 

1 

close all;clear all;clc 


2 

figure 


3 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Mon graph 1 , 1 NumberTitle 1 , ' off 1 , . .. 


4 

5 

1 Color 1 , [0.8314 0.8157 0.7483]); 


6 

% -the tore 


7 

a= 7 ;b = 2 ; c = 3 ; 


8 

u=linspace( 0,2 *pi, 20 ) ; 


9 

v=linspace( 0,2 *pi, 20 ) ; 


10 

[u,v]=meshgrid(u,v) ; 


11 

x=(a+b*cos(u) ) .*cos(v) ; 


12 

y= (a+b*cos(u) ) .*sin(v) ; 


13 

z=c*sin(u) ; 


14 

tore=mesh(x, y, z) ; 


15 

set(tore, 1 EdgeColor 1 , [ . 6 ,. 6 ,. 6 ] , 1 FaceAlpha 1 ,0.5, 1 EdgeAlpha 1 ,0.5) ; 


16 



17 

% -a line on the tore 


18 

t=linspace( 0 , 2 *pi, 200 ) ; 


19 

x=(a+b*cos(5*t) ) .*cos (2 *t ); 


20 

y= (a+b*cos(5*t) ) .*sin(2 *t ); 


21 

z=c*sin(5*t); 


22 

surfLine=line(x,y, z) ; 


23 

set(surfLine, 'Color' ,[.625,0,0] , 'LineWidth' ,2) 


24 



25 

xlabel( 1 x' );ylabel( 'y 1 );zlabel( 1 z' ); 


26 

title (' Simple 3D surface parametrice plot ',' fontweight ', 1 bold' , 1 fontsize ', 1; 

6 ) ; 

27 

axis equal;box on;rotate3d on; view(135,30); 



•) Mon graph HEO 


Simple 3D surface parametric plot 



y 
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3D surface plots 

I think it is not necessary to give examples of fields in which 3D surface charts are useful.... 

Then we start directly. 

ezsurf 

If you want to plot an analytical surface plot expression (typical in academics classes) you can 
just simply use the function ezsurf(): 

Command Window 

» ezsurf [ 1 x A 2* [4-2 . l*x A 2+l/3 *xM) +x*y+y A 2 * (-4+4*y A 2 ) 1 ) 

/* » 


II Figure 1 


File Edit View Insert 
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: (4-2.1 x 2 +1/3 x 4 )+x y+y 2 (-4+4 y 2 ) 
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ezsurfc 

The command ezsurfc() also plot an analytical 3D surface plot expression but also add 
isoclines projected on the XY plane. 

Let us see that with a few interesting customizations of the chart at the same time to learn also 
something more than just a simple function: 


EDITOR PUBLISH 

VIEW 

IS Gol - - <3 © 



1 ezsurfc ( 1 x A 2 * (4-2 . l*x A 2+l/3*x A 4) +x*y+y A 2 *(-4+4*y A 2) 1 , [-2 2] , [-1 1] ) ; 

2 zlafcie.L { 1 f [x, y) 1 ) ; 

3 scale= -2:1:6;set(gca, 1 ZTick 1 ,scale); 
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surf 

The surf() function will be useful when you have not an analytical expression but a grid of 
measures points (don't forget that x, y, z must be matrices!) and at the same time let us have a 
look to the command view(): 



1 [x, y ,z]=peaks; 

2 surf(x,y, z ); 

3 title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontueight 1 , ... 

4 1 hold 1 , 1 fontsize 1 ,16) ; 

5 box on; 

6 xlalel( 1 x 1 );ylalel( 1 y 1 );zlalel( 1 z 1 ) ; 

7 rotate3d on; view(-58,24); 



The result is the same as ezsurf() excepted that the function is not analytically expressed: 
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As you can see on the previous chart axes are also not proportional. We can use the same 
technic as for 2D chart to respect them: 
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Now see the result without grid just by curiosity: 



1 [x, y ,s]=peaks; 

2 surf(x,y, e); 

3 title ('The graph of z = (x a 2-y a 2)e A {- x a 2-y a 2} 1 , 1 fontweight 1 , ... 

4 1 bold 1 , 1 fontsize 1 ,16); 

5 box on; 

6 xlabel( 1 x 1 ); yl&b&l ( 1 y 1 ) ^e label( 1 z 1 ); 

7 rotate3don; view(-58,24); 

8 Jgri^of f ; 

The result will be: 
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And how does it look like with a colorbar?: 




m ^ - E 


1 [x, y ,z]=peaks; 

2 surf(x, y, z); 

3 title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontweight 1 , 

4 1 hold 1 , 1 fontsize 1 ,16) ; 

5 box on; 

6 xlabel( 1 x 1 );ylabel( 1 y 1 );zlabel( 1 z 1 ) ; 

7 rotate3d on; view(-58,24); 

8 grid off; 

9 Icolorbar; | 


Not to bad 


m 



Figure I 
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In reality (in practice...) we need sometimes words instead of value next to colorbars. See the 
trick: 


EDITOR PUBLISH VIEW 

lib Hi 

i - 

H . 

B 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


clear all;close all;clc 

[surface (peaks) _ 

colorbar( 1 YTickLabel 1 , ... % set labels to the colorbar 

{ 1 Freezing 1 , 1 Cold 1 , 1 Cool 1 , 1 Neutral 1 , . . . 

1 Warm 1 , 1 Hot 1 , 1 Burning 1 , 1 Nuclear 1 }) 
view(-35,45) 

nuitiber_pane Is = 0 : 5 : 50; 
nuinber_batteries = 0:15:50; 

set(gca, 1 XTick 1 ,number_paneIs) % set Xticks 

set(gca, 1 YTick 1 ,number_batteries ) % set Yticks 

grid on 


This will give the expected result: 
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And if we want to invert the colors of the colorbar? We can use the function flipud() for this 
purpose: 



1 [x, y ,z]=peaks; 

2 surf(x,y, z ); 

3 title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontweight 1 , ... 

4 1 hold 1 , 1 fontsize 1 ,16) ; 

5 box on; 

6 xlabel ( 1 x 1 ) ; ylabel ( 1 y 1 ) ; zlabel ('s'); 

7 rotate3d on; view(-58,24); 

8 grid off; 

9 colorbar; _ 

10 |co£oritiapJ^f^£pud£co£oritiapn^J 


You can change the colors style of the colorbar by writing for example colorbar( f hot f ). 
Different styles exist: 



] autumn 
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And what about transparency if we play with the function alpha(): 



1 ~~ [x, y ,z]=peaks; 

2 - surf fv. v. z 

3 | alpha(■4) ; | 

4- title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontweight 1 , ... 

5 1 bold 1 , 1 fontsize 1 , 16) ; 

6 - Joox on; 

7 - xlatielf'x'^ylatielf'y'^zlatielf'z 1 ); 

8 - rotate3d on; view(-53,24); 

9 - grid on; 

10 - colorbar; 

11 - colormap(flipud(colormap)); 

12 %to see trough the grid 

13 - hidden off; 


We can see trough!: 


- Figure I 
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The graph of z = (x 2 -y 2 )e x y 
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surf with an explicit or implicit function! 

If you have an old version of MATLAB you won't be able to use ezsurf(). Then here is 
method combining meshgrid() and surf() when you have a known function or only 
measures points to plot a surface and at the same time see how the command shading interp 
smooth the colors (for people working in laboratories and that have two vectors of parameters 
and one vector of measure you will have to wait a little bit): 



1 - N^black-sholes european call option pricing] 

2 - sigma=linspace(0,3,100); 

3 - T=linspace(0,0.5,100); 

4 - S=100;E=120;r=0.03; 

5 

6 %we need t o convert the vectors into matrices for the plot 

7 - [sigma, T] JmeshgridJ sigma, T) ; 

8 

9 naiv model 

10 - dl=(log[S./E)+(r+sigma. A 2/2).*T)./(sigma.*sqrt(T)); 

11 - d2=dl-sigma.*sqrt(T) ; 

12 - oCallPrice=S.*normcdf(dl)-(E.*exp(-r.*T)).*normcdf(d2); 

13 

14 %ue plot the result 

15 - surf(sigma,T,oCallPrice); 

16 - xlatoel( 1 volatility 1 );ylatoel( 1 maturity 1 ),slatoel( 1 Call Price 1 ); 

17 - colorbar; 

13 - box on; 

19 shading interp; 

20 - axis tight; 



MATLAB 


402/1357 











Vincent ISOZ, Daname KOLANI 


Sciences.ch 


| Figure 1 
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Animated surf 

For users that what want to animate a rotating chart for their MS PowerPoint slides or their 
website (we will see later how to export the result as a *.gif) you can play with a loop and use 
the function view() and the command drawnow: 


IS 


< 3 ? „ 


1 clear all;close all;clc 

2 Z=peaks;surf(Z); 

3 % Keep axes constant 

4 axis([0 50 0 50 -10 10]) 

5 % Define title and labels for reference 

6 xlabel( 1 x 1 ); ylabe1( 1 y 1 ); zlabe1( 1 z 1 ) 

7 % Modify azimuth (horizontal rotation) and update drawing 

3 □ for as = -37.5 : .5 : 30 

9 view(az, 30) 

10 drawnow 

11 Lend 


For sure you won't be able to see the animation work in this PDF: 
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mesh 

The mesh() function is very important because it fits like for surf() not a surface but a 
surface grid: 



1 [x, y ,z]=peabs; 

3 title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 11 , 1 fontueight 1 , ... 

4 1 hold 1 , 1 fontsize 1 ,16); 

5 box on; 

6 xlabel( 1 x 1 );ylabel( 1 y 1 );zlabel( 1 z 1 ); 

7 rotate3d on; view(-53,24); 

8 grid onj; 

9 colorbar; 

10 colormap(flipud(colormap)); 

11 
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The grid is visible but we can't see trough. If we add hidden off: 


EDITOF 

? PUBLIC 

E:H VIEW 

PS 3a H ^ - © 

1 

[x, y ,z]=peaks; 

2 

mesh(x, y, z); 


3 

title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontweight 1 , ... 

4 

'hold' , 1 

fontsize 1 ,16) ; 

5 

box on; 


6 

xlabel( 1 x 1 ); 

ylabel( 1 y 1 );zlabel( 1 z 1 ); 

7 

rotate3d on; 

view(-58,24); 

8 

grid on; 


9 

colorbar; 


10 

colormap(flipud(colormap)); 

11 

%to see trouah the arid 

12 

hidden off; 
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The result is as expected: 
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surfc 

For the same reason as the function surf() exists, you can use surfc() to have isoclines on the 
bottom plane: 






1 ” [x, y ,z]=peaks; 

2 - ^surfcJjt^^^zJ^jJ 

3 alpha(.4); 

4- title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontueight 1 , 

5 1 bold 1 , 1 fontsize 1 ,16); 

6 - box on; 

7 - x label ( 1 x 1 ) ; y label ('y 1 ) ;zlabel(' z 1 ) ; 

8 - rotate3d on; view(-53,24); 

9 - grid on; 

10 - colorbar; 

11 - colormap(flipud(colormap)); 

12 %to see trough the grid 

13 - hidden off; 


E 


Figure I 
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contour3 (3d contours) 

The function contour3() is especially used by geophysicists and geometricians: 


EDITOR PUBLISH VIEW 



i 

ck |i <J 3 > 

B 


1 - 

2 - 

3 - 

4 

5 - 

6 - 
7 - 

3- title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontweight 1 , ... 
9 1 hold 1 , 1 fontsize 1 ,16) ; 

10 - box on; 

11 - xlabelf'x'^ylabelf'y'^zlabelf'z 1 ); 

12 - rotate3d on; view (-58, 24) ; 

13 - 

14 - 

15 - colormap(flipud(colormap)); 

16 %to see trough the grid 

17 - hidden off; 


grid on; _ 

Qolorba^^ocation^^outhoutside^ 


[x, y ,z]=peaks; 
surfc(x, y, z); 

hold on _ 

^contours with 10 isoclines 
[c,h]=contour3(x,y,z,10); 

alpha(0.7); 


|*J Figure I 
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The graph of z = (x 2 -y 2 )e x y 
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Now see the trick... to control the colorbar width (almost impossible to guess): 


Jfc Ja) ^ 


1 - 

[x, y ,z]=peaks; 

2 - 

surfc(x, y, z); 

3 - 

hold on 

4 

^contours with 10 isoclines 

5 - 

[c,h]=contour3(x,y,z,10); 

6 - 

set(h, 1 linewidth 1 ,5); 

7 - 

alpha(0.7); 

8 - 

title ('The graph of z = (x A 2- 

9 

1 hold 1 , 1 fontsize 1 ,16) ; 

10 - 

box on; 

11 - 

xlabel( 1 x 1 );ylabel( 1 y 1 );zlabe 

12 - 

rotate3d on; view(-53,24); 

13 - 

grid on; 

14 - 

c =colorbar; 

15 - 

axpos = get(gca, 1 Posit ion 1 ) ; 

16 - 

epos = get (c, 1 Posit ion 1 ) ;| 

17 - 

cpos(3) = 0.5*cpos(3); 

18 - 

set(c, 1 Position 1 ,cpos) 

19 - 

set(gca, 1 Position 1 ,axpos) 

20 - 

colormap(flipud(colormap)); 

21 

%to see trough the grid 

22 - 

hidden off; 


Figure 1 
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Most time geophysicists and geometricians don't what the surface but just the isoclines. Then 
it is very easy. You just remove the surf() or surfc() function of your script and to make the 
values of the contours on the chart you use the function clabel(): 


IS 

[1= 

1 

- 

2 

- 

3 

4 

_ 

5 

- 

6 

- 

7 

- 

8 

- 

9 

10 

_ 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

17 

- 


<a> B 


[x, y ,z]=peaks; 
hold on 

^contours avec 10 isoclines 
[c,h] =contour3(x,y,z,10); 
clabel (c) 

set(h, 1 lineuidth 1 ,5); 
alpha(0.7); 

title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontueight 1 , 
1 bold 1 , 1 fontsize 1 ,16) ; 
box on; 

xlabel( 1 x 1 );ylabel( 1 y 1 );zlabel( 1 z 1 ) ; 
rotate3d on; view (-78,14) ; 
grid on; 
colorbar; 

co lormap (f 1 ipud (co lorinap) ) ; 

%to see trough the grid 
hidden off; 


The graph of z = (x 2 -y 2 )e x2 y2 
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Or another nice result: 


MATLAB Command Window 


HiB 



Many geophysicists and physicists need to have a surface plot with at the same time a surface 
density plot projection. This option does not exists in MATLAB then we have to use a trick to 
get the expected result: 
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1 - [x,y,z] = peaks; 

2 % get the cornets of the domain in which the data occurs. 

3 - min_x = min(min(x)); 

4 - min_y = min(min(y)); 

5 - max_x = max(max(x)); 

6 - max_y = max(max(y)); 

7 figure 

3 % do a normal surface plot. 

9 - surf(x,y,z); 

10 - hold on; 

11 

12 % the image data you want to show as a plane. 

13 % especially this command is almost very difficulit to guess 

14 - planeimg = z; 

15 % desired z position of the image plane. 

16 - imgzposition = -10; 

17 

13 % plot the image plane using surf. 

19 - surf([min_x max_x],[min_y max_y],repmat(imgzposition, [2 2]), ... 

20 planeimg, 1 facecolor 1 , 1 texture 1 ) 

21 

22 - colortoar; 

23 title ('The graph of z = (x A 2-y A 2)e A {-x A 2-y A 2} 1 , 1 fontweight 1 , ... 

24 1 bold 1 , 1 fontsize 1 , 16) ; 

25 - box on; grid on; 

26 - view(45,30); 

27 - xlabelf'x'^ylabelf'y'^zlabelf'z'); 
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contour (2d contours] 

The function contour() works in the same idea as the contour3() that we was before, the 
difference is that this first function do the job in a projected XY plane: 


EDITOR 

PUBLISH 

VIEW 

toJ 

^ © 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
18 

17 

18 

19 

20 
21 


subplot (2,1,1); 

[X,Y,ZJ-peaks; 

%J^eorLtou£lines^^ 

clabel(C) 

title ('Plot with isoclines labels' , 1 fontwelight 1 , 'bold' ,■ lontsize 1 , 18) 

subplot(2,1,2) 

kS oriented contour lines 

[C,h] =cpntouu(X,Y # 2, S); 

texth"elabel(C,h, a fontsize ' 4 S) 

set (tenth, 1 Background^? Isr 1 j [1 1 ,8]) 

*loop for decimal precision control of labels... 
for i-lssise(texth) 

textstr=get Etexthifi) $ 1 String 1 ) ; 
textnuin-stE2double (textstr) ? 
tSKtstrnev-sprintf ( p kQ * Z± 1 , textnun) ; 
set (texth(i) * " String 1 , textstrnew) ; 

end 

title ('Plot with oriented isoclines labels' , 1 font weight 1 , a *. 

I 1 bold 1 , 1 1 ontsize 1 ,18) 


The result looks like: 



^^_ 

y) Figure 1 


mmm\ 
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Plot with oriented isoclines labels 
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Note: It seems that we can't actually control easily the number of labels that appears 
automatically on a isocline (contour) 

On a more pretty way using a colorbar and also a shading interpolation: 



1 h=peaks; 

2 pcolor(h); 

3 colorbar; 

4 grid on; 

5 Lshadinc^interpJ 

6 hold on; 

7 C=contour(h,10, 1 k 1 ); 

8 clabel(C); 

9 title( 1 Gradient contour 1 , 1 fontweight 1 , 1 bold 1 , 1 fontsize 1 f 16); 

10 xlabel( 1 X 1 ),ylabel( 1 Y 1 ) 



r 


This will give (ToDo: found how to activate the 


2D contour can also be used to facilitate the readiness of a 3D plot as you can see below: 
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& 

[EE 

1 

- 

2 

- 

3 

4 

_ 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 

- 

12 

13 

_ 

14 

- 

15 

- 

16 

- 

17 

- 

18 

- 

19 

- 

20 

21 

_ 

22 

- 




^ © © 


[X, Y,Z] = peaks; 
surf(X, Y, Z), hold on 


% plot surface 


Contour sNumiber=2 0; 

[j h] = contour (X, Y, Z, ContoursNumber) ; % plot contour at the bottom 

hh = get(h, 1 Children 1 ); 

for i=l:numel(hh) 

ZData = get(hh(i), 1 XData 1 ); % get matrix shape 

ZData(:) =9; % fill it with constant Z value 

set(hh(i), 1 ZData 1 ,ZData); % update patch 

end 

[j h] = contour (X, Y, Z, ContoursNumber) ; % plot contour at the top 

hh = get(h, 1 Children 1 ); 

for i=l:numel(hh) 

ZData = get(hh(i), 'XData'); % get matrix shape 
ZData(:) = -9; | % fill it with constant Z value 

set(hh(i), 'ZData' ,ZData); % update patch 

end 


21 - hold off 

22 - view(3); axis vis3d; grid on 


That will give: 
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- Figure I 
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waterfall 

The waterfall() function is especially used in statistics to show the hypothesized density 
distribution function evolution of a regression or in finance to show how a distribution change 
with the time: 


EWTO R 

PUBUSH 

VIEW 





1 - 

2 - 

3 - 

4 - 

5 - 

6 - 

7 

8 - 
9 - 

10 - 
11 - 
12 - 

13 

14 - 


[ X, SIGMA] - meshgrid(-10:dx:10,1:dsig:5); 

2 - exp f-fX-roul. A 2./f2 * SIGHA. A 2)),/sqrt(2*pi*SIGHA. A 2); 

|f ■waterfall(X,SIGMA, Z)| 

set ( f, ' LmeUidth* ,3) ; 

title( 'N(0,\sigx&a) density for various \sigma* , ' fontveight ', bold' , 'fontsize’ ,16) 

box on; 

xlabel( 1 x ');ylabel(• \sigma’ ); z label(' N(0,\sigma)' ) 

rotate3d on;view(-S8,24); 

grid on; 

colorbar; 

vto see trough the grid 
hidden off; 


The result will be: 




1 Figure 1 
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2D Gradient (quiver) 

Gradient is mostly used by physicists in electrodynamics and various field implying gaz, 
liquids or plasmas. To obtain a gradient plot in MATLAB we have to mix the functions 
gradient^ ) and quiver(): 


EDITOR PUBLISH VIEW 


leal — j- ^ - fiS _ 

X [X,Y,Z]-peaks; 

2 |f DX, DY] -gradient ( zTH 

3 [C, h] =contour(X,Y,Z,10,' k' ); 

4 texth*clabel(C, 'fontsize' , 8); 

5 hold on; 

6 Igmver (X, Y,DX, DY,2, );| 

7 pcolor(X,Y,Z); 

8 shading mterp; 

9 colorbar; 

10 axis ([-2 2 -3 3]) ; 

11 title(' Gradient vectors with contourfontweight' , ’bold'fontsise’ ,16); 

12 xlabel(' X' );vlabelC' Y' ); 

The result will be: 


1 *) Figure 1 
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3D Gradient 

A 3D gradient is most of time much more useful than a 2D one but the problem in MATLAB 
(as far as I know) is that there are no simple functions to get that. We need to apply a cook 
receipt using in a subtle way the interp2() function to get the expected result 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


z = peaks; 
surf ( z) ; 
shading interp; 
hold on; 

[c, ch] = contour3(z,20, 1 k 1 ); 

[u, v] = gradient(z); 

%here the trick begins 
h = streamslice(-u,-v); 
set (h, 1 color 1 , [ 1 1 1]) 

^another difficult to guess trick... 
for i=l:length(h); 

zi = interp2(z,get(h(i), 1 xdata 1 ),get(h(i), 1 ydata 1 )); 
set(h(i), 1 zdata 1 ,zi); 

end 

%now it's easy again. . .{ 
alpha(0.5); 

axis tight;box on;colorbar; 

title ('3D Plot with projected gradients 1 , 1 fontweight 1 , ... 
1 bold 1 , 1 fontsize 1 ,16) 


You can see the result on the next page (see the white lines that are the gradients 
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We can also play with the perspective: 


EDITOR 

PUBLISH 

VIEW 



® m 

j= £ B © 

1 - 

s=peaks; 

2 - 

surf ( z) ; 

3 - 

shading interp; 

4 - 

hold on; 

5 - 

[c, ch]=contour3 ( z, 2 0, 1 k 1 ) ; 

6 - 

[u,v]=gradient( z) ; 

7 - 

h=streamslice(-u,-v); 

8 - 

set(h, 1 Color 1 ,[0 0 0] ); 

9 - 

colorbar ; 

10 


11 - E 

for k=l : length(h) 

12 - 

sk=interp2 ( s, get (h (k) , 

13 - 

set(h (k), 1 zdata 1 ,zk) ; 

14 - 

end 

15 


16 - 

rotate3d on; 

17 - 

view(-90,90) ; 
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To get: 


1 *) Figure 1 
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Perpendicular vectors 

Until today I never saw anyone using this type of chart then I will just a simple example of the 
surfnorm() function associated with quiver3() this last one being used a lot in fluid 
mechanics: 



1 [X,Y,Z] =peaks; 

2 [U,V,W] = surfnorm(X,Y,Z); 

3 surf(X,Y,Z) 

4 hold( 1 on 1 ) 

5 quiver3(X,Y,Z, U,V,W, 1, 1 k 1 ) ; 

6 colorbar; 

7 shading interp; 

8 axis tight;box on;colorbar; 

9 title ('3D Plot with normalised perpendicular vectors 1 , 1 fontweight 1 , ... 

10 1 hold 1 , 1 fontsise 1 ,16) 

11 xlabel( 1 X 1 );ylabel( 1 Y 1 );slabel( 1 Z 1 ); 




MATLAB 


423/1357 



































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Surface plots of nonuniformly sampled data 

This is the most important example of 3D surface plot for people working in laboratories 
because most of time we have three vectors and for each {x, _y} we have a z. 

Consider: 


EDITOR 

PUBLISH VIEW 

IS M 



1 %we generate something random 

2 x = rand(100,1)*16 - 8; 

3 y = rand(100,1)*16 - 8; 

4 r = sqrt(x. A 2 + y. A 2) + eps; 

5 z = sin(r)./r; 


> 


Cubic (triangle base interpolation) 


} 


The 1 st method is to transform your non-uniform vectors into a uniform grid thanks to the 
combination of linspace( ) and meshgrid( ). After the difficult trick is to use the function 
griddata( ) to prepare a mesh( ). Finally we use a plot3( ) to plot the points: 


EDITOR 

PUBLISH 

VIEW 

IS H 
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%we construct the ranges and the number of steps for the interpolation 
xlin = linspace(min(x),max(x),30); 
ylin = linspace(min(y),max(y),30); 

%Now we use these points to generate a uniformly spaced grid. 

[X,Y] = meshgrid(xlin,ylin); 

%The hey to this process is to use griddata to interpolate the values of 
%the function at the uniformly spaced points, based on the values of the 
^function at the original data points (which are random in this example). 
%This statement uses a triangle-based cubic interpolation to generate 
%the new data. 

Z = griddata(x,y,z,X,Y, 1 cubic 1 ) ; ^linear, cubic (see Matlab help for others) 

mesh(X,Y,Z) %interpolated 
axis tight; hold on 

plot3(x, y,z, 1 . 1 , 1 Markersize 1 ,15) %nonuniform 

xlabel( 1 X 1 );ylabel( 1 Y 1 ) ,e label ( 1 Z 1 ); 

title( 1 Nonuniform cubic sample surface plot 1 , 1 fontweight 1 , . .. 

'bold' , 'fontsize 1 ,16) 


The result will looks like (see that we can have a grid that has more vertices than the original 
vectors sample points!): 
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Note: 'cubic' doesn't mean "(bi-)cubic spline"! if you edit the code of the function griddata 
you will be able to see that: 



235 


236 


237 


233 


239 


240 


241 


242 


243 


244 


245 


246 


247 

- 

243 


249 

- 

250 

- 


E functionvq^cuMcli^^i^TO^^^^^^^ 

% Reference: T. Y. Yang, "Finite Element Structural Analysis", 

Prentice Hall, 1986. pp. 446-449. 

- 

Reference: David F. Watson, "Contouring: A guide 

to the analysis and display of spacial data", Pergamon, 1994. 

- Triangulate the data 

[x, y, v] = mergepointsSD(x,y,v); 

dt = delaunayTriangulation(x,y); 

sconedWarnOff = warnina i 1 off 1 , 1 MATLAB:trianaulation:EmntvTriSDWarnld 1 \; 
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Delaunay (triangular connections) for open surfaces 

The 2 nd method below using the function delaunay( ) and trisurf( ) is easier to implement 
(shorter) but also vey difficult to guess: 



29 p_h=plot3 (x, y,z, 1 . r 1 , 1 Markersize 1 ,15) ; 

30 hold on; grid on;box on; 

31 tri=delaunay(x,y); 

32 trisurf(tri,x,y,z) ; r 

33 

34 xlabel( 1 X 1 );ylabel( 1 Y 1 ) , zlabel( 1 Z 1 ) ; 

35 title( 1 Nonuniform triangular sample surface plot 1 , 1 fontueight 1 , ... 

36 1 bold 1 , 1 fontsize 1 ,16) 

37 

The result will be (see that the grid has the same number of vertices as the original vectors 
sample points!): 
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Hull convolution for closed surfaces 


Sometimes we have the coordinates of points of a closed 3D surface and we need to search 
the best empirical method (algorithm) to plot the corresponding surface. 


Consider for this purpose that we have the following coordinates: 


x = [0.1524 0.1219 0.0610 0.0914 0.0610 0.1219 0.0305 0.0914 0.2134 0.0610 0.1219. 
0.0305 0.0610 0.1219 0.0914 0.1524 0.0610 0.1524 0.0610 0.0610 0.0610 0.0610... 
0.1524 0.0914 0.0610 0.1524 0.0610 0.2134 0.0610 0.0914 0.1524]; 
y = [0.1219 0.1524 0.0305 0.1219 0.1524 0.1524 0.0610 0.1219 0.1219 0.1524 0.1524. 
0.0610 0.0914 0.1524 0.1829 0.1829 0.0914 0.1829 0.2134 0.0914 0.2134 0.0914... 
0.1829 0.0610 0.0914 0.1829 0.0914 0.1829 0.2134 0.1219 0.1829]; 
z = [0.0305 0.0305 0.0610 0.0610 0.0610 0.0610 0.0914 0.0914 0.0914 0.0914 0.0914. 
0.1219 0.1219 0.1219 0.1219 0.1219 0.1524 0.1524 0.1524 0.1829 0.1829 0.2134... 
0.2134 0.2438 0.2438 0.2438 0.2743 0.2743 0.2743 0.3048 0.3048]; 


Using the functions convhulln( ) and trisurf( ) we get: 


MATLAB Command Window 




_ n 


» X = [0.15211 0.1219 0.0610 0.0914 0.0610 0.1219 0.0305 0.0914 0.2134 0.0610 0.1219... 

0.0305 0.0610 0.1219 0.0914 0.1524 0.0610 0.1524 0.0610 0.0610 0.0610 0.0610... 

0.1524 0.0914 0.0610 0.1524 0.0610 0.2134 0.0610 0.0914 0.1524]; 

» » y - [0.1219 0.1524 0.0305 0.1219 0.1524 0.1524 0.0610 0.1219 0.1219 0.1524 0.1524... 
0.0610 0.0914 0.1524 0.1829 0.1829 0.0914 0.1829 0.2134 0.0914 0.2134 0.0914... 

0.1829 0.0610 0.0914 0.1829 0.0914 0.1829 0.2134 0.1219 0.1829]; 


» » X - [x;y;z] a ; % inuolues a 3D point on each row 
» surface = conuhulln(X); 

» trisurf (surf ace, X(: ,1) ,X(: ,2) ,X(: ,3)) 

» 



» » z = [0.0305 0.0305 0.0610 0.0610 0.0610 0.0610 0.0914 0.0914 0.0914 0.0914 0.0914... 
0.1219 0.1219 0.1219 0.1219 0.1219 0.1524 0.1524 0.1524 0.1829 0.1829 0.2134... 

0.2134 0.2438 0.2438 0.2438 0.2743 0.2743 0.2743 0.3048 0.3048]; 


Figure 


File Edit View Insert Tools Desktop Window Help 

*j ts a & k \ -t¥® « s. - a os 


But what about smoothing the corresponding surface color instead of seeing the trisurf() 
triangles?: 
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MATLAB Command Window 


n 


X 


» shading interp 

» 


□ 


Figure 1 
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Spline (biharmonic-spline) 
For an example see page 469. 
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Image mapping plots 

Map an image on a 2D plane chart 

A typical use of mapping images in 2D plots is for statistical representations on any area in 
the World. For the following example, we will use the following image: 



http://upload.wikimedia.org/wikipedia/commons/thumb/7/74/Mercator-proiection.ipg/773px- 

Mercator-proiection.jpg 


After we write the following script using the functions imread( ) and imagesc(): 



1 img = imread ( 1 http ://upload, uikimedia. org/uikipedia/commons/thumb/7/74/Here! 

2 x=400;y=190; 

3 labels= 1 Switzerland 1 ; 

4 figure; 

5 imagesc(img); 

6 xlabel( 1 Longitude 1 ) ; 

7 ylabel( 1 Lattitude 1 ) ; 

3 hold on 

9 plot(x,y, 1 bo 1 , 1 HarkerSize 1 f 10, 1 LineUidth 1 f 3 f 1 color 1 f 1 white 1 ); 

10 title[ 1 Geographic Happing plot 1 f 1 fontueight 1 f ... 

11 1 bold 1 r 1 fontsise 1 f 16) 

12 text[x,y, labels, 1 Color 1 , 1 w 1 , 1 VerticalAlign 1 , ... 

13 'bottom 1 , 1 HorisontalAlign 1 , 1 right 1 ) 


The result is visible on next page: 
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+4 Figure 1 
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Map an image on a 3D surface c 

A typical use of mapping images on 3D surfaces is for pedagogical purposes. Here is an well 
know example in General Relativity using the following image: 



http://dliqu7glv74dsl.cloudfront.net/wp-content/uploads/2010/08/The-Brightest-of-Stars.ipg 
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The tip afterwards is to play with the fourth texturemap parameter of the function surf(): 



1 X=-2:□.1:2; 

2 Y=X; 

3 [x,y] = meshgr id (X, Y) ; 

4 z = sin(x. A 2 + y. A 2) ; 

5 a=imread( 1 http://dljqu7gly74dsl.cloudfront.net/wp-content/uploads/2010/08/T 

6 s=surf(x,y,z,a, 'FaceColor 1 , 1 texturemap 1 ); 

7 shading interp 

8 set (s, 1 EdgeColor 1 f [0.4 0.4 0-4]) 

9 view([-4G 82]); 

10 box on; | 

11 xlabel ( 1 X 1 );ylabel( 1 Y 1 ),zlabel( 1 Z 1 ); 

12 title( 1 Surface image mapping plot 1 , 1 fontweight 1 . 

13 1 bold 1 , 1 fontsize 1 , 16) 


The result will be: 
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Sphere plot with data mapping and animated rotation 

To be able the plot a sphere and map an image on it is especially useful for meteorologists, 
geophysicists and spatial engineer. For this example we will use a demo data mart of 
MATLAB: 


Command Window (?) 


>> load topo 

h » 


Workspace 


Name i- 

| Value 

| Min 

| Bytes 

| Max 

j- topo 

<180x360 double> 

-7473 

518400 

5731 

topolegend 

[1,90,0] 

0 

24 

90 

^ topomapl 

<64x3 double> 

0 

1536 

1 

topomap2 

<128x3 double> 

0 

3072 

1 


The content of the variable topo looks as following: 


j: | topo x 


topo <180x360 double > 







1 


2 

3 

4 

5 

6 

7 

1 

2783 

2783 

2783 

2783 

2783 

2783 

2783 

2 

2736 

2736 

2736 

2736 

2736 

2736 

2736 

3 

2743 

2742 

2734 

2734 

2734 

2734 

2734 

4 

[ 

\2685 

2684 

2683 

2683 

2683 

2683 

2683 

5 


^2682 

2682 

2682 

2682 

2683 

2693 

2710 

6 

2663 

2666 

2682 

2682 

2688 

2737 

2771 

7 

2664 

2690 

2691 

2697 

2745 

2788 

2841 

8 

2681 

2690 

2741 

2750 

2823 

2919 

2982 

9 

2489 

2499 

2560 

2568 

2651 

2744 

2793 

10 

2691 

2745 

2786 

2874 

2962 

3023 

3073 

11 

2702 

2751 

2817 

2907 

3011 

3072 

3132 

12 

2848 

2930 

3021 

3110 

3181 

3226 

3255 

13 


2822 

2878 

2946 

3132 

3237 

3256 

3314 
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Now let us plot using the functions sphere() and surface(): 


EDITOR 

PUBLISH 

VIEW 

® , 

m ^ . E 



1 n=300; 

2 load topo; 

3 [x f y,z]=sphere(n) ; 

4 sh=surf ace (x, y, z, . . . 

5 1 facecolou 1 , 1 texturemap 1 , ... 

6 1 cdata 1 ,topo, 1 EdgeColor 1 , 1 none 1 , 1 LineStyle 1 , 1 none 1 ); 

7 

3 axis off;axis equal; 

9 vieu(3); %see face 

10 Rfor i=l:20 %you can change the rr 20 rr to the value you want 

11 rotate (sh, [0,0, 1] , 1) ; 

12 pause(1); 

13 end 


This is how the result will look like: 


Figure 1 


> 


□s]x] 


File Edit View Insert Tools Desktop Window Help 



*v \ 
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Now to have something more "geographic" let us draw a sphere with 24 meshes lines: 


IS 





H J & A £ U 



i=a 

□ HI 

□ 0 





Nice isn't it;-) 
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Export animated plots as *.avi or *.gif 

Export to *.avi 

It is very useful for PowerPoint presentation to export as *.avi or for TV documentary 
purposes. For this, we use the function getframe() and movie2avi(): 


EDITOR 


PUBLISH 


I* 


n=ji v [5^ 




1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


% Animated chart with *.avi as output| 
clear all;close all;clc 
nFrames = 120; 

mov(1:nFrames) = struct( 1 cdata 1 , [] , 1 colormap 1 , [] ) ; 

Z = peaks; surf(Z); 

% Keep axes constant 
axis ( [0 50 0 50 -10 10] ) 
box on; 

set(gca, 1 nextplot 1 , 1 replacechildren 1 ) ; 

E; for k = 1:nFrames 

surf(sin(2 *pi*k/nFrames) *Z, Z) 
mov(k) = getframe(gcf); 

end 

movie2avi(mov^ 1 c:\myPeaks.avi 1 , 'compression 1 , 'None'); 


The result will create a file on your hard drive: 





myPeaks.avi 
VLC media file (.avi) 
82'693 Ko 


And when you will open it you will get a high quality video: 
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Export to *.gif 

Export a chart animation as a *.gif is very useful for PowerPoint presentations and especially 
for Web pages. 

The example below use the function struct(), getframe(), frame2im(), rgb2im() and 
imwrite() to export and animated peaks plot: 



1 

2 - 

3 - 

4 - 

5 - 

6 

7 - 
3 

9 - 
10 

11 - 
12 - 

13 - 

14 

15 - 

16 - 
17 - 
13 - 

19 - 

20 - 
21 - 
22 - 

23 - 

24 - 


%Animated *.gif output [most used case9| 
clear all;close all;clc 
nFrames = 20; 

Z=peaks;surf[Z) ; 
box on; 

axis[[0 50 0 50 -10 10]) 

set[gca, TJextPlot 1 , 1 replaceChildren 1 ); 

% Preallocate the struct array for the struct returned by getframe 
F[nFrames) = struct[ 1 cdata 1 ,[], 1 colormap 1 ,[]); 

% Record the movie 
E for j = 1:nFrames 

surf[.01+sin[2 *pi*j/nFrames)*Z,Z) 

F[j) = getframe; 

%the next lines are to add the frame to the gif [difficult to guess...) 

F = getframe[gcf); %first ue get the frame from the chat 

RGB = frame2im[F); %we convert the frame in true color 

[IND,map] = rgb2ind[RGB, 255); %we convert in 255 indexed colors gif 

outfile = 'c:\myPeaks.gif 1 ; 

if j==l 

imwrite [ irJD,map, outfile, 1 gif 1 , 1 DelayTime 1 ,0, 1 loopcount 1 , inf) ; 

else 

imur ite [ irJD,map, outfile, 'gif' , 1 DelayTime 1 , □, 1 ur itemode 1 , 1 append 1 ) ; 

end 

end 
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Engineering/Simulations 

The purpose of this section is to apply some concepts we have studied in details in various 
theoretical courses. 

Bouncing ball 

Typical high school subject and very important to introduce students at simulation principles: 



1 

- 

2 

- 

3 

- 

4 

5 

- 

6 

7 

- 

8 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 

- 

18 

- 

19 

- 

20 

- 


h0=10;v0=0;t0=0; 
dt=l/1000;tf=10; 
g=-9.Sl; 

% loss of energy factor 
damping = 0.4; 



times = tO:dt:tf; 
time_loop=length(times); 

F for idx = l:time_loop 

neuh = hO + (v0+g*dt/2)*dt; 
vO = vO + g*dt; 
if neuh < 0 
newh = 0; 

vO = -vO*sqrt(damping); 

end 

heights(idx) = neuh; 
hO = newh; 

end 

comet(times,heights); 

[xlalDel ( 1 Time [Secs] 1 ) ; ylahiel ( 1 Height [meters] 1 ) ; 
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Lagrange points potential surface 

This is a well know example in celestial mechanics and very useful for some famous spatial 
missions. No commands will be new here, because the only purpose is just to plot what we 
have proved in the theoretical course as we have mention before. 

Also consider the following script: 
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M . - ^ 

1 

- 


xl=linspace{-7E8,-SE5,150) ; 

2 

- 


x2=linspace(SE5,1.2ES,150) ; 

3 

- 


x3 = linspace [ 1.6E8,7E8, 150) ; 

4 

- 


x=xl+x2+x3 ; 

5 

- 


y=linspace(-7E8,7E3,450); 

6 

- 


[X, Y] =meshgrid(x,y); 

7 

8 



f=0 (x,y)-(1.3346E20) ./ (sqrt( (x-450) 
- ( 6.9E-7. * (x. A 2+y. A 2) ) ; 

9 

- 


z=f(X, Y); 

10 

- 


for i=1 : 450 ; 

11 

- 


for j=l : 150; 

12 

- 


if [z (i, j) < - 0.3 E12 ) 

13 

- 


z(i,j)=-0.8E12 ; 

14 

- 


end; 

15 

- 


end; 

16 

- 


end; 

17 

- 


contour(X, Y, z f 100) ; 

18 

- 


mesh(X, Y, z) ; 

19 

- 


Kieshc [X, Y, e) ; 

20 

- 


az=100;el=25;view(az,el); 

21 

- 


axis ( [-7E3 7E3 -0.SE9 0.SE9 -3E11 

22 

- 


colortoar;light;camlight( 1 right 1 ); 


So we get (see next page): 
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And if we execute only this part of the script: 

© © ta - 2 


Lsi te 

1 

- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 


9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 

- 


: 1 


x1=1inspace(-7E8,-8E5, ISO) ; 
x2=linspace(3E5,1.2E8,150); 
x3=linspace(1.6E3,7E8,150); 
x=xl+x2+x3; 

y=linspace(-7E8,7E8,450) ; 

[X,Y]=meshgrid(x,y); 
f=@(x,y)-(1.3346E20)./(sqrt( 
-(6.9E-7.*(x. A 2 +y. A 2) ) ; 
z=f (X, Y) ; 
for i=l:450; 

for j=l:150; 

if (z(i,j)<-0.8E12) 
z(i,j)=-0.8E12; 

end; 

end; 

end; 

contour (X, Y, z,|20|) ; 


[ x-450) . A 2+y. A 2) ) - (1.003 8E19) ./ (sqrt ( (x-449999550) . A 2+y. A 2) ) , 


We get: 



1 Figure 1 
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Finite Element Method 

FEM Mesh simulation by simple average 

The purpose of this example is to introduce the most simple FEM (Finite Elements Method) 
simulation method using simple average. 


Consider the following high-school case: 


EDITOR 

PUBLISH 

VIEW 

m m ^, 

^ B © 


Shallow Water, m 

X 



1 

2 

- 

3 

- 

4 

5 

- 

6 

- 

7 

8 

- 

9 

10 

- 

11 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 

18 

- 

19 

- 

20 

- 

21 

- 

22 

- 

23 

- 

24 

- 


% Create a two dimensional grid, 
m = 2 1; 

[x,y] = ndgrid(-10: 2/(m-1): 10); 

% The water drop function from waterwave. 

R = sqrt(x. A 2 + y. A 2) + eps; 

U = sin(R)./R; 

% Surf plot of the function 

h = surf(x,y,U, 1 EdgeColor 1 , 1 none 1 , 1 FaceColor 1 , 1 interp 1 ,... 

1 Facelighting 1 , 1 phong 1 ); 
ax = ax is; | 

% Indices in the four compass directions, 
n = [2:size(U,1) m*10-9]; 
e = n; 

s = [1 l:m*10-10]; 
w = s; 

relax_factor=0.95; %give the possibility to speed up artificially the animation 
%we repeatedly replace grid values by relaxed average of four neighbors, 
tfinal = 2000; 

0 for t = 1:tfinal 

U = relax_factor*(U(n,:)+U(:,e)+U(s,:)+U(:,w))/4; 
set(h, 1 zdata 1 ,U); 
axis(ax) 


drawnow 


end 


This 
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I -) Figure 1 
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1 



And after a few seconds: 


5 


Figure 1 
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FEM Building 2D regular square grid 


| GridPoint2D.m* x~ GridPoint3D 


1 - 
2 

3 - 

4 - 

5 - 

6 - 
7 - 
3 - 
9 

10 - 
11 

12 - 


clear;clc 

^Absolute Reference Mesh Input Data 
x0 = 0; x00=l; 
y0=0; y00=l; 

Ix=x00-x0; 

ly=yOO-y0; 

M= lO; N= lO; 
dx=lx/M; dy=ly/N; 

% Matrix Mesh Generation ttiatlaJo Command 
[x,y]=meshgrid(xO:dx:xOO,yO:dy:yOO) ; 

% Output Data Visualization 
plot(x,y, 1 1 ) 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 


FEM Building 3D regular square grid 
... ToDo 


> 


v Figure 1 
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Vector filed equation analysis (electric field) 

This is a very academic example of an electric dipole a MATLAB. In the facts it is very easy 
to get such an analysis with Maple but with MATLAB this is very a pain in the a... because 
we have to manager singularities and play with the meshgrid steps to get a relevant result. 

Thus consider the following example: 
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Vector field snapshots analysis 

You have to imagine that we have measured (or calculated) in a spatial constant (x, y, z) grid 
(of size 35x41x15) the velocity of the wind. 


Command Window 


© 


Workspace 


>> load wind 


Name L 

Value 

Min 

Bytes 

Max 

A 

A 

£ 



<35x41x15 double > 

-13.7... 

172200 

78.2133 



=riv 

<35x41x15 double > 

-47.3... 

172200 

43.7400 



lLjW 

<35x41x15 double > 

-1.3914 

172200 

1.5516 




<35x41x15 double > 

70.1879 

172200 

134.2... 



Lj_,y 

<35x41x15 double > 

17.4999 

172200 

59.9999 




<35x41x15 double > 

-0.0020 

172200 

16 

We can see here below the grid measure box: 


_ 

c\ 


EDITOR PUBLISH VIEW 


@ .' <5> ^ S 


1 clear all; clc;close all 

2 load wind 

3 x=x(:,:);y=y(:,:);z=z 

4 plot3 (x,y, z, 1 2 3 4 5 6 7 . r 1 ) 

5 axis ( [min (x (:) ) max(x(:) ) min(y[:)) max(y(:) ) min(z(:) ) max ( z ( : ) ) ] |) 

6 grid on;toox on; 

7 
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Now we take a look closer to velocities following the notation seen in fluid mechanics theory: 

( V *’Wz) = ( M ’V,w) 

Because in our situation we have a grid of 35 x 41 x 15 we have also so the same quantity of 
(v x ,v r ,f*j measures: 



<35x41x15 double> 

_^V 

<35x41x15 double> 

Xi w 

<35x41x15 double> 

B* 

<35x41x15 double> 

Bv 

<35x41x15 double> 

B* 

<35x41x15 double> 


We can now take a special look at the velocity following Y: 
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igj m b 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 

15 

16 
17 


clear all; clc;close all 

%by curiosity we take a look of the velocity following Y, for a given Z 
^measure line and multiples] X 

Z=7; %This fixed the Z measure line height (empirical choice) 
load wind 

Ej: If or coord=l:l:35 

^remember that rr v rr is the velocity following rr Y rr 
v_plot=v(coord,: ,Z); 
x_plot=x(coord,: ,Z); 
hold on; 
grid on; 

plot (x_plot,v_plot, 1 Color 1 , [0.8 0.6 coord/35]) 

L end 

%the zero line 

hy = graph2d.constantline(0, 1 Color 1 ,[.7 .7 .7]); 

changedependvar(hy, 1 y 1 ); 

xlabel( 1 X 1 );ylabel( 1 Velocity following Y 1 ); 


This will give: 


✓O V' 


# Figure I 






File Edit View Insert 

Tools DeskJtop Window Help 



'SJ 

H J & d £ 

* 

% ® ■# d ’ 

a 

n m 
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We can see above a speed inversion when X is between [70,80]. 
Or in 3D: 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


clear all; clc;close all; 
load wind; 

Z=7; 

E for coord=l:l:35 

plot3 (x (coord,:,1),repmat(y(coord,1,Z),41) ,v(coord, : , Z) ) ; 
hold on; 

end 

axis ( [min (x (:) ) max(x(:)) min(y(:)) max (y ( : ) ) min(v(:)) max (v ( : ) ) ] ) 
grid on;toox on; 

xlatiel ( 1 X 1 ) ; ylatiel ( 1 Y 1 ) ; slake! ( 'velocity following Y 1 ) ; 



ToDo: make the same faster with waterfall 
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We can se a profile for the chosen Z using the function streamslice(): 



1 load wind 

2 streams lice (x, y, [] , [] f [ 7] ) 

3 

4 xlabel( 1 X 1 );ylabel( 1 Y 1 ) ; 

5 grid on; 



Thus we understand better the inversion of the velocity following X in the range [70,90], 
Or in another way: 
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1 load wind 

2 slice (x,y, z,v, [],[],£7] ) 

3 streams lice (x,y, z,u,v,u, [] , [] , [7] ) 

4 axis equal 

5 shading interp 

6 xlabel( 1 X 1 );ylabel( 1 Y 1 ) ; 

7 vieu(2) 



That helps to understand the amplitude of velocity! 

We can also see the same thing by taking the norm of the velocity in the (*, y) plane for the 
same Z for each Y: 


EDITOR PUBLISH VIEW 


n. 

i j£ ^ - © 

1 


clear al 1 ;clc;close all 

2 


Z=7; 

3 


E 

for coord=l:1:31 

4 



load wind 

5 



u=u(:,coord,Z);v=v ( :,coord,Z);y=y( : ,coord,Z); 

6 



spd = sqrt(u.*u + v.*v); 

7 



plot(y,spd) 

8 



hold on 

9 



end] 
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We can also take a close look to the norm of the velocity for different Z and all (x, y): 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


clear al1 ;clc;close all 
for k=l:15 

for coord=l:31 
load wind 

u=u ( : , : , k) ; v=v ( : , : , k) ; w=w (:, :, kj ; 
x=x(coord,:,k);y=y(:,coord, k) ; 
spd = sqrt(u.*u + v.*v+u.*u); 
surf(x,y,spd) 
hold on 

end 

L end 

grid on;toox on; 

xlatoel ( 1 X 1 ) ;ylalDel ( 1 Y 1 ) ; zlaJoel ( 1 norm of velocity 1 ) ; 
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1 Figure I 






File Edit View Insert 

Tools Desktop Window Help 
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a 

□ s 

■ 0 



0 60 


As we can see: deeper we are, slower is the velocity. In the borders velocity is also low. This 
corresponds to the streamslice! 


But if we focus only on the 7 th level of Z we see that: 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


clear all; clc;close all 
E for k=7 

for coord=l:31 
load wind 

u=u ( : , : , k) ; v=v ( : , : , k) ; w=w ( : , : , k) ; 
x=x(coords:, k) ;y=y(:,coord;k); 
spd = sqrt(u.*u + v.*v+w.*w) ; 
surf(x,y,spd) 
hold on 

end 

end 

grid on;box on; 

xlabel( 1 X 1 );ylabel( 1 Y 1 ) ;zlabel( 1 norm of velocity 1 
view (2) 
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Figure 1 


■ _n|x| 

File Edit View Insert Tools Desktop Window Help 




Id | a H 



Then we see that the streamslice take (for sure...) in 
Z! 

In a more advanced way we can see the norm of the 
the function slice(): 



1 clear all; clc;close all 

2 load wind; 

3 xmin=min (x( : ) ) ; xmax=max (x ( : ) ) ; 

4 wind_speed=sqrt (u. A 2+v. A 2+w. A 2) ; 

5 hsurfaces=slice(x,y,z,uind_speed,[xmin:3:xmax],[],[]); 

6 set(hsurfaces, 1 FaceColor 1 , 1 interp 1 , 1 EdgeColor 1 , 1 none 1 ); 

7 alpha(0.4) 

3 grid on;box on; 

9 xlabel( 1 X 1 );ylabel( 1 Y 1 );zlabel( 1 Z 1 ); 

10 axis([min(x(:)) max(x(:)) min(y(:)) max(y(:)) min(z(:)) max(z(:))]); 

We can see an expected result: the velocity is low in the borders of the box a high velocities 
are concentrated in the center. 
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•> Figure 1 


File Edit View Insert Tools Desktop Window Help 


Or if you prefer something more "dense": 


EDITOR 

PUBLISH 

VIEW 

IS m . 

1--- 




1 clear all; clc;close all 

2 load wind; 

3 zmin=min ( z ( : ) ) ; zmax=max ( z ( : ) ) ; 

4 xmin=min (x ( : ) ) ; xmax=max (x ( : ) ) ; 

5 wind_speed=sqrt(u. A 2+v. A 2+w. A 2); 

6 hsurfaces=slice(x,y,z,uind_speed,[xmin:3:xmax], [], [zmin:1:zmax]); 

7 set(hsurfaces, 1 FaceColor 1 , 1 interp 1 , 1 EdgeColor 1 , 1 none 1 ) ; 

3 alpha(0.3); 

9 colorbar; 

10 grid on;box on; 

11 xlabel( 1 X 1 );ylabel( 1 Y 1 );zlabel( 1 Z 1 ) ; 

12 axis([min(x(:)) max(x(:)) min(y(:)) max (y( :)) min(z(:)) max(z(:))]) ; 
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Or in a different way using the function coneplot(): 



1 clear all; clc;close all 

2 load uind;| 

3 xmin = min (x ( : ) ) ; xmax = max (x ( : ) ) ; ymin = min (y ( : ) ) ; ymax = max (y( : ) ) ; 

4 zmin = min(z(:));zmax = max(z(:)); 

5 wind_speed = sqrt(u. A 2 + v. A 2 + w. A 2); 

6 hsurfaces=slice(x,y,z,wind_speed,[xmin:3:xmax], [], [zmin:1:zmax]); 

7 set. (hsurfaces, 1 FaceColor 1 , 1 interp 1 , 1 EdgeColor 1 , 1 none 1 ) ; 

8 alpha(0.1); 

9 colors = wind_speed; 

10 scale = 4; 

11 [cx, cy, cz] = meshgrid(xmin:3:xmax,ymin:3:ymax,zmin:3:zmax); 

12 c = coneplot(x,y,z,u,v,u,cx,cy,cz,scale,colors) ; 

13 set(c, 1 EdgeColor 1 , 1 none 1 ); 

14 view([-35 40] ) ; 

15 camproj perspective; 

16 grid on;box on; 

17 light;lighting flat; 

18 colorbar; 

19 xlabel( 1 X 1 );ylabel( 1 Y 1 );zlabel( 1 Z 1 ) ; 

20 axis([min(x(:)) max(x(:)) min(y(:)) max(y(:)) min(z(:)) max(z(:))]); 


\+) Figure 1 
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Or something a little bit more interesting using the function streamline(): 


EDITOR PUBLISH VIEW 


H . k <§> B 


1 

clear all; clc;close all 


2 

load wind; 


3 

xmin = min(x(:));xmax = max(x(:));ymin = min(y(:));ymax 

= max(y(:)); 

4 

zmin = min(z ( : ) ) ;zmax = max(z(:)); 


5 

wind speed = sqrt(u. A 2 + v. A 2 + w. A 2); 


6 

colorbar( 'vertical' ); 


7 

colors = wind speed; 


8 

scale=4; 


9 

[cx, cy, cz] = meshgrid(xmin:5:xmax,ymin:5:ymax,zmin:2: 

zmax); 

10 

c = coneplot(x^y^ z^u^v^w^cx^cy^cz^scale^colors); 


11 

set(c, 1 EdgeColor 1 , 1 none 1 ); 


12 

h = streamline(x,y, z,u,v,w,cx,cy,cz); 


13 

view([-35 40]); 


14 

camproj perspective; 


15 

grid on;box on; 


16 

light;lighting flat ; 


17 

colorbar; 


18 

xlabel( 1 X 1 );ylabel( 1 Y 1 );zlabel( 1 Z 1 ) ; 


19 

axis([min(x(:)) max(x(:)) min(y(:)) max(y(:)) min(z(:)) 

max(z(:))]); 


1 1 Figure 1 
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Or with another style using the function contourslice(): 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


clear all; clc;close all 
load wind; 

xmin=min(x ( : ) ) ;xmax=max(x(:));ymax=max(y(:));zmin=min(z(:)); 
wind_speed=sqrt(u. A 2+v. A 2+u. A 2); 

hsurfaces=slice(x, y,z,uind_speed,[xmin,110,xmax],[],[]); 
set(hsurfaces, 1 FaceColor 1 , 1 interp 1 , 1 EdgeColor 1 , 1 none 1 ) ; 
hcont=contourslice(x,y,z,uind_speed,[xmin,100,xmax],[],[]); 
[sx,sy,sz]=meshgrid(SO:5:120,20:5:50,0:5:15); 
hlines=streamline(x,y,z,u,v,u,sx,sy,sz) ; 
set(hlines, 1 LineWidth 1 ,1, 1 Color 1 , 1 to 1 ); 
xlatoel( 1 X 1 );ylatoel( 1 Y 1 } ; zlatoel( 1 Z 1 } ; 



view(3); daspect ( [2,2 , 1] ) ; axis tight;| 
grid on;toox on; 
colortoar; 

axis([min(x(:) ) max(x(: ) ) min(y(:)) max(y(: ) ) min(z(:) ) max(z(: ) ) ] ) 
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We can also animate that stuff starting from a given height using the function 

interpstreamspeed() and streamparticles(): 


m , a ^ 


1 clear all; clc;close all 

2 step=5; 

3 Zheight=5; 

4 load wind; 

5 [sx, sy, sz] =meshgrid (30 : step : 12 O, 2 0 : 2 : 50, Zheight) ; 

6 verts=stream3(x,y,z,u,v,w^sx f sy,sz); 

7 sl=streamline(verts); 

8 view(-IG.5,13); 

9 daspect([2 2 0.125]); 

10 axis tight; box on; grid on 

11 iverts =interpstreamspeed(x,y,z,u,v,w,verts,0.05); 

12 xlabel( 1 X 1 );ylabel( 1 Y 1 );zlabel( 1 Z 1 ); 

13 set(gca, 1 drawmode 1 , 1 fast 1 ); streamparticles(iverts,15, 1 Animate 1 ,10, ... 

14 1 ParticleAlignment 1 , 1 on 1 , 1 MarkerEdgeColor 1 , 1 none 1 , 1 MarkerFaceColor 1 , 

15 1 red 1 , 1 Marker 1 , 1 o 1 ); 

16 axis([min(x(:)) max(x(:)) min(y(:)) max(y(:)) min(z(:)) max(z(:))]); 


This will give: 




1 *J Figure 1 
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If we change de Zheigth to 9 on the left figure below (or to 1 on the figure on the right below) 
the result is quite impressive in comparison: 
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Or for the same Zheight (5) and with a steps of 6 we also have a surprise (for sure... to big 
step hide information): 
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Or we can also play with the function isosurfaces(): 


EDITOR PUBLISH VIEW 


mi m - ^ b 

1 

2 
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5 

6 

7 

8 
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10 
11 
12 
13 

i >i 

To get: 



load wind; 

spd = sqrt(u.*u + v.*v + w.; 
% Create isosurface patch 
isosurface(x, y, z, spd,l); 
hold on; 

isosurface(x, y, z, spd,5); 
isosurface(x, y, z, spd,10); 
isosurface(x, y, z, spd,20); 
isosurface(x, y, z, spd,40); 
isosurf ace (x, y, z, spd,e|o); 
colorbar; 
grid on;box on; 

x label ('X 1 ) ; ylabel ( 1 Y 1 ) ; zlabel 
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We can also add streamlines to this: 
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And we can close the holes of a given isosurface using the function isocaps(): 



1 load wind; 

2 spd = sqrt(u.*u + v.*v + w.*w); 

3 % Create isosurface patch 

4 isosurface(x, y, z, spd,5); 

5 hold on; 

6 isosurface(x, y, z, spd,40); 

7 We close the above isosurface 

8 isocaps(x, y, z, spd, 40); 

9 isosurface(x, y, z, spd,60); 

10 [sx,sy,sz]=meshgrid(30:5:120,20:5:50,0:5:15); 

11 h2 = streamline(x,y,z,u,v,u,sx,sy,sz); 

12 set(h2, 1 LineWidth 1 ,1, 'Color 1 , 1 g' ); 

13 colorbar; 

14 grid on;box on; 

15 xlabel ( 1 X 1 ) ;ylabel ( 1 Y 1 ) ; zlabel (' Z' ) ; 



This will give you: 


V 


*J Figure 1 
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Regression/Interpolation/Extropolation 

OLS univariate regression 

These are some simple OLS regression examples without statistical reports (because you do 
not need the Statistical Toolbox) using the polyfit() function for the regression itself and after 
a simple plot() for the chart. 


EDITOR PUBLISH VIEW 


IS 11 A s <g> B 

1 %First a simple OLS regression 

2 x = 1: 10; 

3 y = x + randn(l,10); 

4 scatter(x,y,25, ' b 1 , ' * 1 ) 

5 P_line = polyfit(x,y,1); 

6 yfit = P_line(1)*x+P_line[2); 

7 hold on 

8 plot(x,yfit, 'r-. 1 ); 

9 xlabel( ' X 1 );ylabel( 1 Y 1 ); 

10 grid on; 

11 set(gca, 1 Xcolor 1 ,[0.B5 0.B5 0.B5]) 

12 set(gca, 1 Ycolor ', [0.B5 0.35 0.B5]) 

13 c_axes = copyobj(gca,gcf); 

14 set(c_axes, 'color' , 'none' , 'xcolor' , 'k' , 'xgrid' , 'off' , . . . 

15 1 ycolor ', 1 k' ,' ygrid 1 ,' off ') ; 

16 

17 %And now the same with a third order polynom 

13 P_poly = polyfit(x,y,3); 

19 yfit = P_poly(1)*x. A 3+P_poly(2)*x. A 2+P_poly(3)*x+P_poly(4); 

20 plot(x,yfit, '-g' ); 

21 P_poly(1);P_poly(2);P_poly(3); 

22 

23 %we add some texts (att the end to be overs the other plots) 

24 text(4,polyval(P_line,4), ... 

25 strcat[ '\leftarrow' ,num2str(P line(1)), 1 x' , ... 

26 spr intf ( ' %+3 . 3f ' , P_line (2 ) ) ) ,[^~Color ' , ' r ' , ' BackgroundColor ' , [ 1 1 1] ) ; 

The result is visible on the next page: 
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Spline univariate interpolation 

Don't forget that with spline interpolation the main definition support must be monotonic 
increasing and extrapolate before or after the first/last point is a non-sense (this is also why 
you can't use it finance to extrapolate the first and last missing values of a return vector!): 

Here is an example with a random vector and the function spline(): 



Note: For surface spline interpolation see page 424. 
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Spline multivariate interpolation 

At the page we already saw different technique to interpolate non-uniform vectors 
measurement points (cubic and Delaunay) 

Now have a look to the comparison of the cubic method and spline method call v4 in 
MATLAB because as described in the source code of the griddata() function we have: 


SI 

""ZTB - 




279 

280 
281 
282 

283 

284 

285 

286 

287 

288 


function vq = gdatav4(x,y,v,xq,yq) 
%GDATAV4 MATLAB 4 GRIDDATA interpolation 


% Reference: David T. Sanduell, ^iharitionic^3p^ine| 
% interpolation of GEOS-3 and SEASAT altimeter 
% data, Geophysical Research Letters, 2, 139-142, 

% 1987. Describes interpolation using value or 

% gradient of value in any dimension. 


[x, y, v] = mergepoints2D(x,y,v) 


► 


Let us see a comparison example: 
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I5i 


M 


^ B ® n ~ 


1 

- 

2 


3 

- 

4 

- 

5 

- 

6 


7 

- 

8 

- 

9 

- 

10 


11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 


18 

- 

19 

- 

20 

- 

21 

- 

22 

- 

23 

- 

24 

- 


close all;clear all;clc 

x=rand(100,1)*16-8; 
y=rand(100,1)*7-5; 

z=sin(sqrt(x. A 2+y. A 2))./(sqrt(x. A 2+y. A 2)+eps); 

figure(1) %for cubic method 
xlin=linspace(min(x),max(x),30); 
ylin=linspace(min (y),max(y),30); 

[X, Y]=meshgrid(xlin, ylin); 

Z=griddata (x, y, Y f |^cu^icJ) ; 

surfc(X, Y,Z); 
hold on; 

plot3(x, y,z, 1 . 1 , 1 Markersize 1 ,15); 
box on; 

figure(2) %for spline method 
[X,Y]=meshgrid(xlin,ylin); 

Z=gr iddata (x, y, z, X, Y,|^4j) ; 
surfc(X, Y,Z); 
hold on; 

plot3(x, y,z, 1 . 1 , 1 Markersize 1 ,15); 


'> 


This will give (left cubic, right spline): 


-AZ 


nnir Figure 2 
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As you can see the spline method is more smoothed. 
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Fractals 

Fractals are used by some financial institutions to model volatility and some CGI algorithms 
(for Special FX movies production). Then it seems to me useful to first go back to the basics 
of fractals with the Mandelbrot set: 


IS 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


The result will be: 






h=uaitbar(0, 1 Computing... 1 ) ; 
x=linspace[-2.1,0.6,301); 
y=linspace[-1.1,1.1,301); 

[X, Y] =meshgrid (x, y) ; 

C=complex[X,Y); 

Z_max=le6;it_max=50; 

Z = C; 

for k = 1:it_max 
Z = Z. A 2 + C; 
uaitbar(k/it_max) 

end 

close(h) 

contourf[x,y,abs[Z)<Z_max,1) 
title[ 1 Mandelbrot Set 1 , 'FontSize 1 ,16) 





*) Figure 1 
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This last figure is a little bit too much old style. Here is a much more pretty way to have the 
results: 


EDITOR PUBLISH VIEW 

iib m 
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13 

14 

15 

16 
17 
13 

19 

20 
21 
22 
23 


maxIterations=500; 
gridSize=1000; 

%we can play with those limits 

xlim = [-0.748766713922161, -0.748766707771757] ; 
ylim = [ 0.123640844894862, 0.123640851045266] ; 


x=linspace( xlim(l), xlim(2), gridSize ); 
y=linspace( ylim(l), ylim(2), gridSize ); 
[xGrid,yGrid] = meshgrid(x,y); 
z0=xGrid+li*yGrid; 
count=zeros(size(zO) ) ; 

z = zO; 

E tor n = 0:maxlterations 
z = z. * z + zO; 
inside = ahis (z) <=10; 
count=count+inside; 

L end 

count = log( count+1 ); 



imagesc(x,y,count) ; 
axis image 

colormap ( [ jet () ; f lipud ( jet() ) ; 0 0 0] ) ;| 



*) Figure 1 HOB 
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Save chart as image 

Save on drive 

Instead of saving a chart manually as an image it is much more interesting to automate the 
process. For this purpose we use the command saveas(): 



ifll El rfS % 


1 

- 

2 

- 

3 

- 

4 


5 


6 

- 

7 


3 


9 

- 

10 

- 

11 

- 

12 

- 

13 

- 


close all;clear all;clc 
f=figure 

set(gcf , ' Menubar 1 , ' none 1 , ' Name 1 , 1 Mon graph 1 
1 Color 1 , [0.8314 0.8157 0.7433]); 

grid on; 

|savaa^J^f^C^\^mp\^myF£gure^^p^J^^ 


set(gca, 1 Xcolor 1 , [0.35 0.35 0.35]); 
set(gca, 1 Ycolor 1 , [0.35 0.35 0.35]); 
setAxes=copyobj(gca,gcf); 
set(setAxes, 1 color 1 , 1 none 1 , 1 Xcolor 1 , 
MyBox=uicontrol( 1 style 1 , 1 text 1 ); 


1 NumberTitle 1 


1 off 1 


1 xgrid 1 , 'off' , 'Ycolor' , 1 k 1 , 1 ygrid 1 , 'off' 


This will create a file: 


tmp 


Al X 


Fichier Edition Affichage Favoris Outils ? 

. ^) Precedente t ) * £^7 Rechercher 

Dossiers 

lb * 

Adresse |l£> C:\tmp J 

i] 0 OK 



Dossiers 


[P Bureau 

b O Mes documents 
- J Poste de travail 

B ^ Disquette 3^ (A:) 

□ ^ Disque local (C:) 

E O Application 
E (£) Documents and Settings 
E Inetpub 

E l£) MAPLEV4 
E myplus 

EB (£| mysqlconnector 
E O oradexe 
B O Program Files 
B (£) sqljdb 
© tmp 

I—I f~—I _i_ i—n 


zi 


H 

myFigure.jpg 




1 objet(s) (Espace disque disponible : 32.1 Ko j Poste de travail 


A 


With the following content (empty chart because nothing was plotted): 
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Copy in the clipboard 

Most of time the menus and buttons of a chart figure are removed from the figure Windows. 
Then we have to found also a way to automatize the action to take the figure in the clipoard. 
For this purpose consider the small following example: 


SI MATLAB Command Window 


» f=figure; 

» peaks; 

z = 3*(1-x).*2.*exp(-(x.*2) - (y+1).~2) ... 

- 10*(x/5 - x."3 - y."5).*exp(-x."2-y."2) 

- 1/3*exp(-(x+1)."2 - y."2) 


»l editnenufcn(gcf,'EditCopyFigure'); 


Lil 


rrr 





► 


The whole trick resides in the use of the callback function editmenufcn(). 
After the user just has to open the software he wants and make a Ctrl+V: 
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Analysis 

This chapter is dedicated to topics related to "math analysis" field. It concern almost all areas 
of physics, mathematics, engineering, finance, signal (audio/video) processing, etc. 

Estimate value of an univariate polynomial on various points 



Let us begin with something very easy (high school level) that we already have discovered 
during our study of MATLAB chart. The estimation of a value of a polynomial on one or 
many points using the function polyval(): 


Calculate the roots of an univariate polynomial 

Always at high school level and also something we already used during our study of 
MATLAB chart, how to calculate the roots of a polynomial. There a two methods to do this. 
The first one is visual and use the functions polyval( ) and roots(): 



1 p=[3 -5 1]; 

2 x = -2:□.05:3; 

3 y = polyval (|p, x) ; 

4 plot(x,y); 

5 r=roots(p); 

6 hold on 

7 plot (r,zeros(size(r)), 'ko 1 11 , 1 markerFaceColor 1 , 'r'); 

8 grid on; 

9 hx = graph2d.constantline(0, 1 LineStyle 1 , 1 - 1 , 1 Color 1 , [□ □ □] ) ; 

10 hx = changedependvar(hx, 1 x 1 ); 

11 hy = graph2d.constant line(0, 1 LineStyle 1 , 1 - 1 , 1 Color 1 ,[0 0 0]); 

12 hy = changedependvar(hy, 1 y 1 ); 

13 set(gca, 1 Xcolor 1 , [0.85 0.85 0.85]) 

14 set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]) 

15 c_axes = copyobj(gca,gcf); 

16 set(c_axes, 'color 1 , 'none 1 , 'xcolor', 'k', 1 xgrid' , 'off', 'ycolor 1 ,... 

17 1 k 1 , 1 ygrid 1 , 1 off' ); 


MATLAB 


476/1357 













Vincent ISOZ, Daname KOLANI 


Sciences.ch 


This gives us a pretty result to see: 


1 Figure I 



warn 

File Edit View Insert 

Tools Desktop Window Help 



o a d $ jjj it 

® v 45 & - 1 EL 

n s 
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The second method i less visual and more "approximate". 
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Second method based on "modem notation" with the function fzero( ) that don't use Newton- 
Raphson method FYI...: 



MATLAB 


478/1357 

















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Find the local min/max of an univariate function in a range 

The idea here is the same as fzero() at the difference that we search a local minima. Why 
"local"? Because the function fminbnd(), for "function minimum bounded", search for only 
one minima and the smallest unique minima and does not return all minimas of a function 
(there exist free toolbox for this last purpose): 


EDITOR PUBLISH VIEW 

W 

H . ^ B 


1 

f = @ (x) 3*x. A 2-5*x+l; 


2 

x=fmiribnd (f, -2, 2) ; 


3 

fplot (f,[-2 2]) 


4 

hold on 


5 

plot (x,f (x) , 1 ho 1 , 1 markerFaceColor 1 ,|' r 1 ) ; 


6 

grid on; 


7 

hx=graph2d.constantline(0, 1 LineBtyle 1 , 1 - 1 , 1 Color 1 ,[0 

0 0]); 

8 

hx=changedependvar(hx, 'x' ); 


9 

hy=graph2d.constantline(0, 1 LineStyle 1 , 1 - 1 , 1 Color 1 ,[0 

0 0]); 

10 

hy=changedependvar(hy, 1 y 1 ); 


11 

set(gca, 'Xcolor', [0.85 0.B5 0.85]) 


12 

set(gca, 1 Ycolor 1 ,[0.B5 0.B5 0.B5]) 


13 

c axes = copyotoj(gca,gcf); 


14 

set(c axes, 'color' , 'none' ,' xcolor' , ' k' , 'xgrid' , 'off' , 

1 ycolor 1 , 1 k 1 , . . . 

15 

'ygrid' , 'off' ); 



This will give: 


\V T 


1 \ Figure I 





B0B 

File Edit View Insert 

Tools Desktop Window Help 




d a a & 



a 

□ 0 

□ 0 


< 


25 


20 


15 


10 


-1-1-1- 

K 

-1-1-1- 

_l_l_l_ 

_l_l_l_ 


-2 - 1.5 -1 - 0.5 0 0.5 1 1.5 
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In the Command Window this will look like: 



| Command Window 

® 1 

Workspace 


>> x = fniiiibnd (f,-2,2 


x = 


0.8333 


» 
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Find the local min/max of a bivariate function 

1 st Method (very old one) 

There were no functions at the beginning of MATLAB as far I as I know to get the global 
minimum/maximum of a bivariate function. Thus we were obliged to use a trick using the 
max() and find() functions: 


EDITOR 

PUBLISH 

VIEW 

© n 

B ^ - B 



1 clear all;close all;clc; 

2 x=-2:0.05:2; 

3 y=-4:0.25:4; 

4 [X,Y]=meshgrid(x,y); 

5 Z =3*(1-X). A 2.*exp( -(X. A 2) - (Y+l). A 2)- ... 

6 10*(X/5-X. A 3-Y. A 5) .*exp ( -X. A 2-Y. A 2)-l/3*exp(-(X+l) . A 2-Y. A 2) ; 

7 V=-10:1:10; 

8 [c,h]=contour[x,y,Z,V); 

9 clafciel [c f h) ; 

10 colorbar; 

11 hold on; 

12 xlahel( 1 x 1 ); ylahel( 1 y 1 ); title( 1 Contour plot of the peaks function 1 ); 

13 Fmax=max (max ( Z) ) ; 

14 P=find(Z==Fmax); 

15 xy=[X(P) Y(P)]; 

16 plot(xy(1),xy(2 ) f 1 rp 1 f 1 MarkerSize 1 f 10); 

17 text(xy{1)+0.05,xy[2), 'Maximum Point 1 ); 

13 figure; 

19 surf(X,Y,Z); 

20 hold on; 

21 scatter3(xy(1),xy(2),Fmax,20G, 'fill' , 'o' ); 
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|*J Figure 1 
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Contour plot of the peaks function 



*J Figure 2 
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2 nd Method (modern one) 

Here we just use the function fminsearch() as following: 


*} MATLAB Command Window HO O 


» f=@(x) -(3*(1-x(1))*2*exp(-x(1)~2-(x(2)+1)*2)-10*(x(1)/5-x(1)*3-x(2)*5)»exp(-x(1)*2-x(2)*2)... 
-1/3*exp(-(x(1)+1)*2-x(2)*2)) ; 

» [x ,fual]=fminsearch(f, [-3, 3] ,optinset(' TolX' ,1e-8)) 

x = 

-0.8093 1.5814 

foal = 

-8.1062 

*l 

_ 

Discrete convolution 

Convolution is a used a lot in signal (and also sound/images) processing to modify some 
original images to get new ones or to add echo/filters to sounds. Here we will two very 
elementary examples. 

First we control the basics with the function conv() and deconv(): 


MATLAB Command Window B 


» u=[3 2 1];T] 
» u=[2 1 3]; 

» c=conu(u,u) 

c = 

6 7 13 7 3 

» d=deconu(c,u) 
d = 

2.0000 1.0000 3.0000 
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We can also check that the convolution of two Normal random variables is equal to their sum: 
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\+) Figure 1 
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We must forget de deconvolution in this case! 

A study of the U.S. Army Statistical Department has shown that the convolution of random 
variable is faster than Monte Carlo but only for two or three random variable. Over 3 random 
variables, MC is faster. 


ToDo: Calculate the mean and variance of this convolution 
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Integration 

Integration is not only useful in physics or in pure mathematics but also a lot in engineering 
finance. Let us see first some very easy applications and further in the chapter about the 
Statistical Toolbox we will deepen this field using Monte Carlo technics. 

Pseudo-symbolic integration of univariate polynomial 



The most easiest integration that can be done in MATLAB is certainly using the function 
polyint() to integrate a simple polynomial. The last argument is the constant of integration, 


Sometimes I think that this function is really a joke... 

Numeric univariate integration 


Here it begins to be much more interesting! We the function integral!) we can calculate the 
integral of many definite functions. We will use an example that made us a lot of trouble in 
the theoretical chapter of Thermodynamics: 


MATLAB Command Window 


» ^integration of the function 33.489 of the chapter Thermodynamics 
» %3rd Edition of Sciences.ch 
» fun=@(x)(x.~3).*((exp(x)-l)-*(-1)); 

» q=integral(fun,O,Inf) 

■ 

q = 


6.493939402266837 


» %check 
» pi~4/15 


ans = 


6.493939402266828 


»1 

A 

4J 
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Numeric trapezoidal univariate integration 

Even more important: if the function is not explicitly known, we can integrate a vector 
defined function. 

For the example consider the famous academic following example: 


MATLAB Command Window 


» m=6.81; 

» g=9.81; 

» Cx=12.5; 

» t=0:0.01:10; 

» u=(m*g/Cx)*(1-exp(-Cx*t/in)); 

» plot(t,u); 

» 

File Edit View Insert Tools Desktop Window Help 



UJ 


*J Figure 1 


UMZ I 
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o ® T s □ s 


□ 



And now we calculate the total or cumulated displacement over the time by integration with 
trapz() and cumtrapz() thanks to the fact that we know the velocity at each moment: 
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Double numeric integration 

Use a lot in statistics and finance the double intejfjatiqn^r explicitly know functions can be 
done thanks to integral2(): 


MATLAB Command Window 


» nu1=3;nu2=2; 

» signal=sqrt(18);signa2=sqrt(5); 

» rho=5/sqrt(5*1O); 

» pdf=@(x,y) (1/(2*pi*sqrt(signa1~2*signa2~2*(1-rho~2))))*exp((-1/(2*(1-rho~2)))*(((x-nul)/signal) 
((y-nu2)/signa2).~2-2*rho*((x-nul)/signal).*((y-nu2)/signa2))); 

» integral2(pdf,-3,4,-5,2) 

ans = 

0.4O07 

» integral2(pdf,-Inf,Inf ,-Inf,Inf) 
ans = 

1.0000 


□HE] 

—Z 

' 2 *.. 


iL 
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Or using the trapezoidal method (for those having an old MATLAB version): 

IS El - <g> B @ a - 2 



1 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 


f = 0 (x, y) (1/(2 *pi*squt (sigmal A 2 *sigma2 A 2 * (l-rho A 2 ) ) ) ) *exp ( (-1/ (2*(l-rho A 2) ) ) * ( ( (x-mul) /sigmal) . A 2 + ( (^ 

rho=5/sqrt (5*10) ; 

mu 1 = 3 ; rtiu2 = 2 ; 

sigmal=sqrt (1G) ; 

sigma2=sqrt (5) ; 

N = 2GGG; 

xptsld = linspace (-3 , +4,N+1) ; 
yptsld = linspace(-5,+2,N+1); 
xpts = xptsld 1 *ones(1,N+1); 
ypts = ones(N+l,1)*yptsld; 
values = f(xpts,ypts); 
format long g 

I = traps(xptsld,traps(yptsld,values, 2 ), 1) 


So we get: 



Derivation 


Derivation is with MATLAB mainly used in mechanics or physics and only sometimes in 
finance. We will see now some typical function to calculate derivate of explicit expressions or 
vector measures. 

Pseudo-symbolic derivation of polynomial 

The most easiest integration that can be done in MATLAB is certainly using the function 
polyder() to derivate a simple polynomial: 


MATLAB Command Window 

UsTB 

» polyder([15 ,-3,2]) 

ans = 

30 -3 

» 

3 

ftJ 

A 


Sometimes I think also that this function is really a joke... 
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Numeric derivation 

There a different way to do a numeric derivation in MATLAB (like in many others softwares) 
and it is always interesting to study this subject of derivation that has a lot of subtilities. 

First begin with a simple right derivate with a large accuracy of le-3 and using no special 
functions: 


MATLAB Command Window 


» h=1e-3; 

» f=inline('x./exp(x) 1 ); 
» x=linspace(0,5); 

» d=(f(x+h)-f(x))/h; 

» plot(x,f(x),'k'); 

» hold on; 

» plot(x,d,'r') 


Uj 



iT met! 


Now see the "official" method for derivate using the function diff(). 


MATLAB Command Window 



» h=1e-3; 

» f=inline('x ./exp(x)'); 

» x=0^h^5; 

» d Hdiffl f fx)/h); 

» plot(x,f(x),'k'); 

» hold on; 

» plot(x(: ,1:length(d)),d,'r'); 


hi 


A 


That gives: 
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Now see the difference between the reald derivate and the one calculate numerically: 
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Take care! Due to rounding error and truncatanation this method is not accurate for 
very small values of h (of the order of eps ) for any function! (the smallest is not always 
the better...) as you can see below: 
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Differential equations (ODE/PDE) 

Like everything else in the e-book, all the examples here are taken from my e-book "Opera 
Magistris - Element of Applied Mathematics for Engineers" where you can found the detailed 
proofs of the different ODE/PDE solutions. 

Before to see the example you must know that it seems to be an obligation to have the 
ODE/PDE in an external *.m file. 

Pendulum (ODE) 

Let us begin with the pendulum ODE. Because the approach in MATLAB is far different for 
the notation of pure mathematics we will write the equations to make you understand the 
thinks better (we hope so...). 

Remember that for the simple pendulum we get in the Mechanic theoretic course for small 
angles the following 2 nd order nonlinear ODE (the sign in front of the sinus doesn't really 
matter): 


d 2 a 

dt 


y=— 
J dt 


d 

X 

dt 

_y_ 


-co 0 sin x 


with the initial condition that x and y are at the beginning both equal to zero. In MATLAB we 
need to rewrite this equation into two first order equations. 

MATLAB ODE function will always, as far as I know, always return the components of the 
red vector. 


In MATLAB we h; 
of the derivate: 


o write the ODE system in a specific file and define the initial values 


ave to write 


£ C:\Documents and 5ettings\Administrateur\Mes documents .MATLAB pendulum.m 

EDITOR 

PUBLISH 

VIEW 

@L US 

B 



1 function dy = pendulum(t, y) 

2 - dy = zeros (2,1); 

3 - omega = 1; 

4 - dy (1) = y(2) ; 

5 - dy(2) = -omega*omega*sin(y(1)); 

6 - L end I 


And after only we can solve it between times [0, 25] and initial position and pulsation using 
the ode45() solver without any special parameters: 
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1 %now we can solve the ODE 

2 %the parameter 'pendulum' call the script "pendulum.m rr saved 

3 % in one of the MATLAB curent workspace path 

4 [t,y] = ode45( 'pendulum' , [0 25], [1.0 1.0]); 

5 subplot (3,1,1) 

6 plot(t,v(=,i) ,'-'); 

7 xlabel ( ' time ' ); 

8 ylabel(' y_{1}(t)' ); 

9 title (' \theta (t)' ); 

10 subplot (3,1,2) 

11 plot(t,y(:,2), 1 ); 

12 xlabel( 'time' ); 

13 ylabel( 'y_{2}(t)' ); 

14 title( 'd \theta / dt (t) ' ) ; 

15 subplot (3,1,3) 

16 plot(y(:,1),y(:,2), 1 ; 

17 xlabel( 1 \theta (t) 1 ); 

18 ylabel('d \theta / dt (t) 1 ); 

19 title ('Phase Plane Portrait for undamped pendulum 1 ); 


Here is a resume of different MATLAB 



Solver 

Problem Type 

Order of Accuracy 

When to Use 

ode45 

Nonstiff 

Medium 

Most of the time. This should be the first solver you try. 

ode23 

Nonstiff 

Low 

For problems with crude error tolerances or for solving 
moderately stiff problems. 

odell3 

Nonstiff 

Low to high 

For problems with stringent error tolerances or for solving 
computationally intensive problems. 

odel5s 

Stiff 

Low to medium 

If ode4 5 is slow because the problem is stiff. 

ode23s 

Stiff 

Low 

If using crude error tolerances to solve stiff systems and the 
mass matrix is constant. 

ode23t 

Moderately 

Stiff 

Low 

For moderately stiff problems if you need a solution without 
numerical damping. 

ode23tb 

Stiff 

Low 

If using crude error tolerances to solve stiff systems. 


Table 3 ODE solvers 


The result is visible on next page: 
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Lotka-Volterra (system of ODE) 

Various assumptions during our study of Population Dynamics took us to the following 
system of ODE: 

— = rN~cNP 
dt 

dP 

— = -mP + bNP 
dt 


This will be rewritten in MATLAB into the following form for some 
constants of the system: 


ne given value 

/ V 


alues of the 


EDITOR PUBLISH VIEW 

5L 

d . 

L In ^ B 

l 


F 

function dx = lotka volterra(t, x) 

2 

- 


dx = zeros (2,1) |; 

3 

- 


alpha = 1; 

4 

- 


beta = .05; 

5 

- 


delta = .02; 

6 

- 


gamma = . 5; 

7 




8 

- 


dx (1) = alpha * x(l) - beta * x(l) * x(2); 

9 

- 


dx(2) = delta * x(l) * x(2) - gamma * x(2); 

10 



end 


1 > 


Now solving this using once again ode45() solver but also the function odeset() to define the 
Relative Error Tolerance and to say that both variable are not negatives: 



EDITOR 

PUBLISH 

VIEW 






1 % He first set our preferences for ode45 

2 % The default relative tolerance is le-3 . 

3 h To set our output to non-negative (population can not be negative), 

4 % we provide an array listing each population that we want to constrain. 

5 % Since this example has two populations, we pass the array [12] 

6 options = odeset(' RelTol' , le-4, 'NonNegative' , [1 2]); 

7 |[t,x] = ode45 { 1 lotka_volterra' , [□ 20], [10 10], options); 

3 plot(t, x); 

9 legend( 1 prey 1 , 'predators'); 
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So we get: 


1 Figure I 
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Lorenz attractor (system of ODE) 


After many developments we get in the theoretical course of Meteorology Engineering the 
following system of ODE for the convection of a fluid: 

dv „ T 3 

- r -Tv + eg- 

A = -KT, + A- V J± 

dt r r 

dt r 


And we get after some simplifications: 

X'=Vr(Y-X) 
Y' = rX-Y-XZ 
Z' - -Z +YX 

We will write this in MATLAB into the following way: 


4 



0 C:\Documents and 5ettings\Administrateur\Mes documents .MATLAE \lorenz.m 

EDITOR 

PUBLISH VIEW 

is m 4 a 1 

^ B 


1 

2 - 

3 - 

4 - 

5 - 

6 - 
7 - 
3 - 


9 - 


function dy = lorenz(t,y) 
dy = zeros (3,1) ; 

P = 10; 
r = 2 3; 
h = S/3 ;| 

dy(l) = P*(y(2) - y(l)); 
dy(2) = -y(1)*y (3) + r*y(l) 

dy(3) = y(1) *y(2) - b*y(3) ; 


end 


- y<2); 
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And after we solve it again using ode45(): 



1 [t,y] = ode45( 1 lorenz 1 ,[0 250],[1.0 1.0 1.0]); 

2 subplot (221) 

3 plot(y(:,l),y(:,2), '-' ) ; 

4 xlabel ( 1 x (t) 1 ); 

5 ylabel( 1 y(t) 1 ); 

6 title ('Phase Plane Portrait for Lorenz attractor: y(t) vs. x(t) 1 ); 

7 subplot(222) 

8 plot(y(:,l),y(:,3),); 

9 xlatoel( 1 x (t) 1 ) ; 

10 ylabel( 1 z (t) 1 ); 

11 title ('Phase Plane Portrait for Lorenz attractor: z(t) vs. x(t)' ); 

12 subplot(223) 

13 plot(y(:,2),y(:,3),); 

14 ylabel( 1 y(t)' ); 

15 ylabel(' z (t) ' ) ; 

16 title ('Phase Plane Portrait for Lorenz attractor: y(t) vs. z(t)' ); 

17 subplot(224) 

18 plot3(y(:,l) ,y(:,2) ,y(:,3)) 

19 grid on;box on; 

20 xlabel( 'X' );ylabel(' Y 1 );zlabel( 'Z' ); 


We get the following famou 




1 ’ Figure I 
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2 body motion (system of ODE) 

Consider 2 point masses, with masses m l and m 2 , described by the two-dimensional 
coordinate positions: 


(xi(t),yi(0) 

(x 2 (t),y 2 (t)) 

The gravitational force between both of these masses is given by: 

Gm l m 2 Gn\m 2 

4 (x 1 -x 2 ) 2 +(yi-y 2 ) 2 

If we apply Newton's 2 nd law for both masses in each coordinate direction (x and y), we get a 
set of 4 coupled differential equations: 

dxf Gm l m 2 




m, 


dt 2 4 

dyl Gm l m 2 
' ~dtld 


4 


dx 7 : Gm , m 


m. 


12 


2 dt 1 


( V 2 - h ) 

h 2 J >’,) 

-(^-41 


dyl Gm,m 2 , , 

m, — = —-—(y, - y,) 


2 Jr 2 


4 


To solve these equations in MATLAB, we'll need to rewrite each of the 4 equations into two 
first order differential equations, thereby giving us a system of 8 differential equations to 
solve: 
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dx, 


= u, 


-(x 2 -Xi) 


12 


= V, 


dt 

du { Gm 
dt 

dy i 
dt 

dv, Gm, , , 

dx 2 
dt 

du 2 Gm l 
dt 

dy 2 


In MATLAB this gives: 





EDITOR 

PUBLISH 

VIEW 

is y . i ^ - b ® 


1 

function dz = tuobody(t,z) 







2 - 

dz = zeros (8,1); 







3 - 

G = 2; 







4 - 

ml = 1000|; 







5 - 

m2 = 5; 







6 - 

dz(1) = z (2) ; 







7 - 

dz(2) = ((G*m2)/(((z(l) - 

z(5) ) . A 2 

+ 

(2(3) 

- 2(7)) . A 2) . A (3/2))) 

*(2(5) 

- 2(1)); 

8 - 

dz (3) = z(4) ; 







9 - 

dz(4) = ( (G*m2)/( ( (z(l) - 

z(5) ) . A 2 

+ 

(z(3) 

- 2(7)) . A 2) . A (3/2) )) 

*(2(7) 

- 2(3)); 

10 - 

dz (5) = z (6) ; 







11 - 

dz (6) = ((G*ml)/(((z(l) - 

z(5) ) . A 2 

+ 

(z(3) 

- 2(7)) . A 2) . A (3/2) ) ) 

*(2(1) 

- 2(5)); 

12 - 

dz (7) = z (8) ; 







13 - 

dz(8) = ((G*ml)/(((z(l) - 

z(5) ) . A 2 

+ 

(z(3) 

- 2(7)) . A 2) . A (3/2))) 

*(2(3) 

- 2(7)); 


> 4 


And now we solve again with ode45() between times [0, 25] and for initial values: 

Xi (0). u i (0), y l (0), Vj (0), x 2 (0), u 2 (0), (0), v 2 (0) 


MATLAB 


501/1357 














Vincent ISOZ, Daname KOLANI 


Sciences.ch 


EDITOR 

PUBLISH 

VIEW 



l* 


1MI 


1 

- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 

— 


A 


(?) 


clear all;close all;clc 

[t,s] = ode45 ( 1 tuotoody 1 , [0 25], [0 0 0 0 1 0 0 1] ) ; 

plot(z(:,1),z(:,3), 1 ); 

xlabel( 1 x_{1}(t) 1 ); 

ylabel( 1 y_{1}(t) 1 ); 

title( 1 Particle 1 orbit in xy space — first 25 seconds'); 
figure; 

plot(z(:,5),z(:,7) ,'-'); 
xlabel( 1 x_{2} (t) ' ); 
ylabel( 1 y_{2}(t) 1 ); 

title( 1 Particle 2 orbit in xy space — first 25 seconds'); 


And as output we get the following charts: 



k Figure I 
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Particle 1 orbit in xy space -- first 25 seconds 
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Heat equation (parapolic PDE) 

Working with PDE in MATLAB is like in Maple... something horrible to write and time 
consuming to search the right syntax. 

Let us begin with the famous heat equation that we have studied and proved in the course of 
Thermodynamics: 


dT(x,t) k &T(x,t) 


dt 


= 0 


P° v dx 


using the function pdepe( ) (the explanations are given after): 

■ 


EDITOR 

PUBLISH 

VIEW 



1 


2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 


12 


13 

- 

14 

- 

15 

- 

16 

- 

17 


18 


19 


20 


21 


22 


23 

- 

24 

- 

25 

- 

26 

- 

27 

- 


E] function heat_equation (|) 


m=0; 

x=linspace(0,1,30); %this creates 30 equal points along the length of the rod 
t=linspace(0,15,20); %this creates 20 equal time points 
sol=pdepe(m,Gpdex,@pdexic,@pdexbc,x,t); 
u=sol ( :,:,1); 

surf (x,t,u) ;xlatiel(' Position 1 ) ;ylabel( 1 time 1 ) ; zlabel ( 1 Temperature 1 ) ; 
figure; 

plot(x, u);xlabel( 1 length 1 );ylabel( 1 Temperature 1 ); 


- end 


function [c,f,s] = pdex(x,t,u,DuDx) 

c = 1; 

f = 0.02 *DuDx; 
s = 0; 

end 

F] function uO = pdexic(x) 

uO = 50; % initial temperature 

end 

[^function [pi, ql, pr , qr] = pdexbc(xl,ul,xr,ur,t) 
pi = ul; 
ql = 0; 
pr= ur-100; 
qr = 0; 

end 


For pdepe( ) to be able to interpret the PDE the equation must in MATLAB written into the 
general form of: 


f 


du 
x,t,u, — 
dx 


v 


du 

dt 


d 

( 

ffl r 

f 

du' 

\ 

r du' 

— 

X f 

x,t,u, 

— 

+ s 

x,t,u, — 

dx 

K 

V 

dxj 

) 

l dx) 


where c is a diagonal matrix,/is called the "flux term", and s is called the "source term". 
Placing our PDE in the form as shown above, starting from (using the coefficient of the above 
example): 
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it becomes: 


— = 0.02 

dt 


d 2 u 
dx 2 


1- 


(du) 


( d\ 


= 

0.02 — 

K dt y 




du 

dx 


+ 0 


Therefore: 



s - 0; 

end 


V^\ 7 

Next is pdexic(). This in the function that evaluates the initial conditions of the PDE. Since 
the initial temperature distribution for this example is: 

Mq (x) = 50 


the function has the foil ng form: 




function wD ■ pdexic(x) 

m0 ■ SO; % initial temperature 

end 


If we were to write an initial condition function for a piecewise (triangular) function, the 
function would be written as follows: 


function u0=pdexic(x) 
If x<l 

uO=x; 

Else 

uO =1-x; 

end 
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The function pdexbc( ) is the function that evaluates the boundary conditions. Again as for 
pdepe( ) to be able to evaluate these conditions they must be put into a form that it can be 
interpreted by MATLAB. The general form for the boundary conditions is: 


p(x,t,u) + q(x, t)f 


r du 
X, t, u, —— 


dx 


\ 

J 


With the boundary conditions of our example being: 

u(0,t) = ul = 0 and u(l,t) = ur = 100 

We need to find the values for pi and ql. Where pi and ql are the funct 
for pdepe( ) of the left boundary conditions: 

u(0,t) + 0 -(0, t) = 0 

dx 


general form 



This gives: 

pi = ul 

Where ul is the temperature function at the left boundary, and: 

ql = 0 

Next we find the pdepe( ) form for pr and qr, where these are the values for the right 
boundary condition: 

r)]i 

1 ^ 1,0 + 0 — ( 1,0 = 100 

dx 


pr = ur - 100 



qr = 0 


function pr.'Cir] a ptieHtoc [*a, ul,par, ue, c) 

Pi - ul; 
ql - 0; 
pr- ur-100; 
qe - □; 
ena 


For an example of the Newmann conditions, where: 

«(0,r) = 0 and u(l,t) = 0 
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are the boundary conditions. We find the pdepe( ) form for pi and qh 


u(0,t) + l- — (0,0 = 0 

8x 


Therefore, we have : 


pi = 0,ql = 0 


Evaluating the right boundary: 



ID 

22 

o 

u_ 

c 

■L. 

5 

u 


Command Window ® 

> > he at_e quation 
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Fast Fourier Transform (DFT) 

The FFT 1 is used a lot in signal processing but also in finance to identify periodicity of a time 
series. 

The function fft() is not easy (intuitive) to implement to get what we saw in the theoretical 
course. 

Note: We recommend the user the see a more real example on sound processing at page 537 


Then see below how we can get the expected result: 


EDITOR PUBLISH VIEW 

l* 

g| i ^ <3 B 

1 


%Form a signal containing a 50 Hz sinusoid of amplitude 0.7 and 120 Hz 

2 


^sinusoid of amplitude 1 and corrupt it with some zero-mean random noise: 

3 


Fs=1000; % Sampling frequency 

4 


T=l/Fs; % Sample time 

5 


L=10G0; % Length of signal 

6 


t=(0:L-l)*T; % Time vector 

7 


% Sum of a 50 Hz sinusoid and a 120 Hz sinusoid 

8 


x=0.7*sin(2*pi*50*t)+sin(2 *pi*120*t) ; 

9 


y=x+2*randn(size(t)); % Sinusoids plus noise 

10 


%plot of signal 

11 


subplot(3,1,1);plot(Fs*t(1:50) ,y(1:50) ) ; 

12 


title( 1 Signal Corrupted] 0-Mean Rand Noise 1 );xlabel( 1 time (milliseconds) 1 ) 

13 


% FFT of signal 

14 


NFFT = 2 A nextpow2(L); % Next power of 2 from length of y 

15 


Y = fft(y,NFFT)/L; 

16 


f = Fs/2 *linspace(0,l,NFFT/2+l) ; 

17 


% Plot single-sided amplitude spectrum. 

13 


subplot(3,1,2);plot(f,2*abs(Y(1:NFFT/2+1))); 

19 


title( 1 Single-Sided Amplitude Spectrum of y(t) 1 ); 

20 


xlabel( 1 Frequency (Hz) 1 );ylabel( 1 |Y(f) | 1 ); 

21 


%The main reason the amplitudes are not exactly at 0.7 and 1 is 

22 


^because of the noise. 

23 



24 


% inverse FFT 

25 


y=ifft(Y)*L; 

26 


subplot (3,1,3); 

27 


plot(Fs*t (1:50) ,y(1:50) ) 

23 


title( 1 Inverse FFT 1 );xlabel( 1 time (milliseconds) 1 ) 

sc 


In the second subplot you have the frequencies and the amplitudes of the original signal! 


1 FFT is the name for any efficient algorithm that can compute the DFT in about ®(n log 
n) time, instead of ®(n 2 ) time. There are several existing FFT algorithms. 
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35 
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Note: We will see during our study of the Signal Processing (see page 1135) Toolbox how to 
quickly determined peaks positions and plot them. 

Some people prefer to use the periodogram but this command is reserved to the Signal 
Processing Toolbox: 


EDITC 

JR PUBLISH VIEW 

® H i 

L M ^ B © 

1 


Fs=l[^)0; 

2 


T=l/Fs; 

3 


L=1000; 

4 


t=(0:L-l)*T; 

5 


x=0.7*sin(2*pi*50*t)+sin(2 *pi*120*t); 

6 


y=x+2 *randn(size(t)); 

7 



3 


periodogram(y) 

9 


grid off; 

10 


%the first normalized frequencY is 50/500=0.1 

11 


%the second normalized frequency is 120/500=0.24 


The result is: 
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And now have a look if for the statistical test of periodicity that we have studied in the 
theoretical training we get the same coefficients (module of complex numbers) as for R and 
Microsoft Excel: 
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Image processing 

Without the Image Processing Toolbox working with images in MATLAB is possible but 
requires a lot of manipulations of matrices to obtain simple results. Thus, the purpose of this 
chapter will be to see simple operations that we can get without too much pain using native 
core function. 

Get image properties 


The basics of working with images are to retrieve information concerning the image file itself. 
Consider the following image: 


i Lenna.png - Apercu des images et des telecopies Windows 




Using the function iminfo() we get: 
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MATLAB Command Window 


HIsIH 

b imfinfo('E:\Lenna.png') 



ans = 

filename 

'E:\Lenna.png' 


FileModDate 

'17-May-2014 17:59:52' 


FileSize 

473831 


Format 

'png' 


FormatUersion 

[] 


Width 

512 


Height 

512 


BitDepth 

24 


ColorType 

'truecolor' 


FormatSignature 

[137 80 78 71 13 10 26 10] 


Colormap 

[] 


Histogram 

[] 

— 

InterlaceType 

'none' 


Transparency 

'none' 


SimpleTransparencyData 

[] 


BackgroundColor 

[] 


Renderinglntent 

'perceptual' 


Chromaticities 

[0.3127 0.3290 0.6400 0.3300 0.3000 0.6000 0.1500 0.0600] 


Gamma 

0.4545 


^Resolution 

[] 


VResolution 

[] 


ResolutionUnit 

□ 

A 

<1 



The most important property for a lot of images effects and manipulations is the size of the 
image that we can simple get using the function size( 


MATLAB Command Window 

HBB 

» size(iriread( 1 E :\Lenna .png 1 )) 

i 

ans = 


512 512 3 


» | 

A 

A 
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Show an image properly 

Show properly and image is important for the end user. For this purpose consider the 
following script: 


EDITOR PUBLISH 




y ^ 


CD n - 


VIEW 



img=imread ( 1 Lenna. png' ) ; 
figure; 

imshou(img); % 

set(gcf, 1 menubar 1 , 1 none 1 

figure 
image(img); 

set(gcf, 1 menubar 1 , 1 none 


Caution: imshow() belongs to the Image Processing Toolbox. 
With this we get for the first figure (left) on the second figure 
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Decompose images alpha layers 

This is a very good exercise to understand how image files are builded on the basis of three 
matrices containing respectively the RGB color channels: 



1 img=imread( 1 E:\Lenna.png 1 ); 

2 imgrouge=uint3 ( zeros (size ( img) ) ) ; 

3 imgrouge(:,:,1) = img(:,:,1); 

4 subplot (1,3 , 1) ; 

5 image(imgrouge) 

6 imgvert= uintS(zeros(size(img))); 

7 imgvert(:,:,2)=img(:, : ,2); 

8 subplot(1,3,2); 

9 image(imgvert) 

10 imgbleu=uintS(zeros(size(img))); 

11 imgbleu(:,:,3)=img (: f f 3); 

12 subplot(1,3,3); 

13 image(imgbleu); I 



\v 
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Build an image 

To understand how a three layer image works a very good exercise is to build its own RGB 
image and also to see how MATLAB behaves in some extreme cases: 


EDITOR PUBLISH VIEW 

12b H 

<3 

B © a - 


1 clear all;close all;clc 

2 

3 img=uint8(zeros(3,3,3 ) ) ; 

4 

5 %first row 

6 img(1,1,:)=0; %pure black 

7 inig (1,2 , : ) =255; %pure white 

8 img(1,3,:)=125; %pure gray 

9 

10 ^second row 

11 img(2,1,1)=255; %pure red 

12 img(2,2,2)=255; %pure green 

13 img(2,3,3)=255; %pure blue 

14 

15 %third row: extrem cases to see the behavior 

16 img (3,1, : ) =-30; 

17 iitig (3,2, : ) =270; 

18 img(3,3,:)=Inf; 

19 

20 image ( img) ;| 
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Plot some basic images manipulations and save image 

We will see here below some basics images manipulations (show only some color channel 
and convert to gray without using Image Processing Toolbox) of colors and plots using the 
function imread(), image( ) and finally imwrite( ) to save the transformed image on the 
computer: 


EDITOR 

PUBLISH 

VIEW 

11 


^ © 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


subplot(1,3,1); 
rgb = imuead( 1 E:\Lenna.png' ); 
image(rgb) % image with full colors 
title ('RGB image 1 ) 

subplot(1,3,2); 

% image with average colors of the 3 alpha channel 
im = mean(rgb,3); 
image(im); 
colorbar; 

title( 1 Intensity Heat Hap 1 ); 
colormap(hot(256) ) ; 

[imwrite]( im, hot (256) , 1 E : \ LennaHeat -jpg' , 'jpg' ) ; 

subplot(1,3,3); 
rgb=imread( 1 E:\Lenna.png' ); 

% image in gray scale 

imgray=uint3(repmat(mean(rgb,3),[1,1,3])); 
image(imgray) 


The result of the multiple plot will be: 


y 


> 


File Edit View Insert Tools Desktop Window Help 




© ® C Cl I □ 0 


0 


RGB image 



Intensity Heat Map 



Gray scale 



100 200 300 400 500 
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Filter on luminosity value of a given channel 

This is also a very academic useful example to understand how MATLAB works with images. 
The example can be understood only by reading the script: 



1 

- 

2 

- 

3 

4 

- 

5 

6 

- 

7 

- 

8 

9 

- 

10 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

17 

- 

18 

19 

— 


B © a i 


clear all;close all;clc 
img=imread ( 1 Lenna. png' ) ; 

s=size (img) ;| 

img_post=uint3(zeros(s) ) ; 
treshold=125; 

for k=l:s(l) %for each column 

for 1=1:s(2) %and for each row of the column 

if img(k,1,3)>treshold ^filter the third (blue layer) 

img post (k,1,:)=img(k,1,:); %keeep the pixel color info on the 3 layers 

end 

end 

end 


imshow(img post) 


The final result will be: 


E 


XV 


Figure 1 
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Draw on an image and export the result 

Something very important in image pattern identification is to be able (later in this document) 
to recognize automatically geometries on a photo and to draw something around to put them 
in evidence for the user and after to save it on the computer. 

For this purpose we use the functions rectangle(), getframe() and frame2im(): 


EDITOR 

PUBLISH 

VIEW 

US bn] ^ ^ 

. B 



1 rgb=imread( 1 E:\Lenna.png 1 ); 

2 image[rgb]; 

3 title ('RGB image 1 ); 

4 hold on; 

5 rectangle( 1 position 1 ,[250 250 100 30], 1 LineWidth 1 ,2, 1 EdgeColor 1 , 1 to 1 ) 

6 %and here we export the image 

7 f=getframe(gca); 

8 [rgb] = frame2im(f); 

9 imwrite[rgb, 1 C:\tmp\LennaHeat-jpg' , 'jpg' ) ; 

Thus we get: 


V Figure 1 

H0E3| 
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And it will create a file: 


ftr tmp 

Fichier Edition 

Affichage Favoris Outils ? 



Precedente 

& 

Rechercher 

[ Dossiers 

In 


Adresse IQ C:\tmp~ 



Dossiers 


Bureau 

0 Q Mes documents 
- J Poste de travail 
0 Disquette 3^ (A:) 

- Disque local (C:) 

E Q Application 
+] & Documents and Settings 
+ a Inetpub 
0 a MAPLEV4 
0 a myplus 
0 a mysqlconnector 
E a oradexe 
E a Program Files 
0 a sqljdb 
£? tmp 


who's preview gives: 


LennaHeat.jpg 
435 x 343 
Image JPEG 


LennaHeat.jpg - Apercu des images et des telecopies Windows 
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Or if you want to draw a circle or an ellipse: 


EDITOR 

PUBLISH 

VIEW 



|[^ H g © a - 


1 - clear all;close all;clc 

2 

3 - img=imread ( 1 Lenna. png' ) ; 

4 - image(img); 

5 - rectangle( 1 position 1 ,[250 250 100 100], 1 LineWidth 1 ,2, ... 

6 I 1 EdgeColor 1 , 1 b 1 , 

7 

8 - f=getframe(gca); 

9 - img=frame2im(f); 

10 - imwrite(img, 1 LennaReconnaissance.jpg' ) ; 


That will give: 


Figure 1 

H0E3 

File Edit View Insert Tools Desktop Window Help ^ 
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Compare images 

The comparison of images is a very important subject in quality control of production 
processes to compare pieces to a reference one and rejecting the too bad one. 

Caution! The images (when you don't have the Image Processing Toolbox) must have 
the same size! 


For the example consider the two images below. The reference is on the left, the tested one is 
on the right (for the conversion of an image in black-white see the chapter of Image 
Processing Toolbox on page 1180): 



The comparison simply uses a subtraction of the matrices of the both images: 



1 img_Reg=imuead( 1 E:\Ciucuit_Ref-jpg' ); 

2 img_Scan= imuead ( 1 E : \ Ciucuit_Scan -jpg' ) ; 

3 deltaImage =img_Re g-img_S c an; 

4 subplot(1,3,1); 

5 image(img_Reg); 

6 subplot(1,3,2) ; 

7 image(img_Scan); 

8 subplot (1,3,3) ;| 

9 image(deltaImage); 


The plotted result is on the right. After we just have to make an arithmetic sum of all pixels to 
know if we have to significate difference or not: 
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Add (superpose) images 

The superposition of images is useful in many scientific fields. One of the most common after 
medical purposes is astronomy when you have more than one image of a same sky area using 
different spectrum. 

Caution! The images (when you don't have the Image Processing Toolbox) must have 
the same size! 


Caution! The black color is transparent by default for MATLAB! 


Suppose we have the following images: 
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EDITOR PUBLISH VIEW 


L& H ^ B 


1 iml=imread( 1 E:\Hubble_Foraground.jpg' ); 

2 im2 = imread( 1 E : \Hubble_Background.jpg' ); 

3 Image S um=im1+im2; 

4 image(iml); 

5 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Imagel 1 , 1 NumiberTitle 1 , 1 off 1 ) ; 

6 set(gca, 1 Looselnset 1 , get(gca, 1 Tight Inset 1 )) 

7 axis off; 

8 figure; 

9 image(im2); 

10 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Imaged 1 , 1 NumiberTitle 1 , 1 off 1 ) ; 

11 set(gca, 1 Looselnset 1 , get(gca, 1 Tight Inset 1 )); 

12 axis off; 

13 figure; 

14 image(ImageSum); 

15 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Superposition 1 , 1 NumiberTitle 1 , 1 off 1 ) ; 

16 set(gca, 1 Looselnset 1 , get(gca, 1 Tight Inset 1 )); 

17 axis off; 


Then we get first for the two original images 


- 


And for the final result (ToDo: find a way to remove MATLAB plot margins...): 
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2DFFT 

We have never calculated by hand in the theoretical course a 2D FFT because it is boring but 
let us still have a look how to perform an FFT on the Lenna image: 

So for this purpose we use the native functions fftshift( ) and fft2( ) to get: 
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Video processing 

Without the Image Processing Toolbox working with videos in MATLAB is also possible but 
requires a lot of manipulations of matrices on each video frame to obtain simple results. Thus, 
the purpose of this chapter will be to see simple operations that we can get without to much 
pain using native core function. 

Get video properties 

The basics of working with videos are to retrieve information concerning the video file itself. 
Consider the following video: 



We get the properties by using the function mmfileinfo(): 


| MATLAB Command Window 

HIsTHl 

» mmfileinfo( 

E:\clock.aui') 

■ 

ans = 

Filename: 

' clock .aoi' 


Path: 

' E :\' 


Duration: 

12 


Audio: 

[1x1 struct] 


Uideo: 

[1x1 struct] 


>i 

L 


A 
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Play video 

Without the Image and Visio Processing Toolbox is almost a pain in the a... to play a video. 
To play we will need to usage the function VideoReader(): 


EDITOR PUBLISH VIEW 


\2j,m B 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Video Playing 1 
set(gca, 1 Looselnset 1 ,get(gca, 1 Tightlnset 1 )) 
vid=VideoReader ('E:\clock.avi 1 ); 
numFrames = vid.NumberOfFrames; 
n=numFrames; 

E tor i=l:n 

frames = read(vid^i); 
im ( i) : = image (frames) ; 
axis off; 

L end 


NumberTitle 1 , 'off 1 ); 
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Extract a frame 

Extracting a frame from a video is one of the main thing you must learn to do post-processing 
and this can be done with the conjunctions of the functions VideoReader() and read(): 



1 vid=VideoReader ( 1 E : \ clock, avi 1 ) ; 

2 im=read(vid,7); 

3 imshou ( ini) ; 

4 set (gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Video Playing 1 , 1 NumiberTitle 1 , 1 off 1 ) ; 

5 set(gca, 1 Looselnset 1 ,get(gca, 1 Tightlnset 1 ));| 
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Export all video frames in a folder 

Something also useful sometimes is to decompose a video into multiple frames (images) in a 
folder for postprocessing purposes. 

For this purpose we will use the property NumberOfFrames of the method VideoReader() 
and after the well know imwrite() function: 



1 

2 

3 

4 

5 

6 
7 
3 


vid=VideoReader( 1 E:\clock.avi 1 ); 
nimiF r aitie s -v i d. Numb e r Of F r aitie s; 
n=numF rames; 

□ for i = 1:n 


frames = read(vid,i); 

imwrite(frames,[ 1 C:\tmp\ImageClock 1 

im(i)=image(frames) ; 

L end 


int2str(i), 


1 -jpg' ]); 



This will simply give the expected result: 
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Build a video from a list of (pre-processed or not) images 

In the example before we saw how to export frames into a folder for preprocessing. Let us see 
now how to do the opposite: import images to build a video! 

For this purpose we create a new file video using the function VideoWriter() and after we 
define the images sequence into the file using the function writeVideo(): 


I5i 




It*. 


<5? B 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


outputVideo=VideoWr iter (fullfile ( 1 C : /tmp/Compilation. avi 1 ) ) ; 
outputVideo.FrameRate=l; 
open(outputVideo) 

ImageList={ 1 C: \ImageClockl.jpg' , 1 C:\ImageClock2- jpg ' , ■ . . 

'C:\ ImageClock3-jpg' , 1 C:\ImageClock4-jpg' }; 

E for k = 1:length(ImageList) 

img = imread(ImageList{k} ) ; 
uriteVideo(outputVideo,img); 

end 

close(outputVideo); 


As you can see below we get a new vi 


Ifrr tmp 




□HE 


Fichier Edition Affichage Favoris Outils ? 


« 


o 


Precedents ^ 


’ 0 




Rechercher 


Dossiers 




Adresse C:\trmp 




OK 


Dossiers 


Bureau 

0 e Mes documents 
- J Posts de travail 

Disquette 3^ (A:) 

□ ^ Disque local (C:) 

0 (S) Application 
0 (S) Documents and Settings 
0 (S) Inetpub 
0 (S) MAPLEV4 
0 (S) myplus 
3 (S) mysqlconnector 
0 IS) oradexe 
0 (S) Program Files 
0 (S) sqljdb 

SI 


Norn 

Taille 

1 Type 

ImageClockl.jpg 

12 Ko 

Image JPEG 

jf) ImageClockl0.jpg 

15 Ko 

Image JPEG 

ImageClockll.jpg 

14 Ko 

Image JPEG 

*~\ ImageClockl2.jpg 

15 Ko 

Image JPEG 

j£] ImageClock2.jpg 

14 Ko 

Image JPEG 

ImageClock3.jpg 

14 Ko 

Image JPEG 

ImageClock4.jpg 

14 Ko 

Image JPEG 

ImageClock5.jpg 

14 Ko 

Image JPEG 

jfjlmageClock6.jpg 

13 Ko 

Image JPEG 

^ llmageClock7.jpg 

13 Ko 

Image JPEG 

£] ImageClock8.jpg 

14 Ko 

Image JPEG 

ImaaeClock9. ioa 

14 Ko 

Image JPEG 

1 A Compilation.avi | 

115 Ko 

VLC media file (.avi) 


3 0 


J 


3 


Type : VLC media file f.avi) Duree : 00:00:04 Dimensions : 321 x 321 Taille : 114 Ko 114 Ko 


J Poste de travail 


A 


And that's it! 
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Sound processing 

Caution! Nothing will appear on the screen with the example below (no charts, no player 
control). 

Without the Signal Processing Toolbox working with sounds (signals) in MATLAB is also 
possible but requires a lot of manipulations of vectoris to obtain simple results. Thus, the 
purpose of this chapter will be to see simple operations that we can get without to much pain 
using native core function. 


Get sound properties 


The basics of working with sounds/signals are to retrieve information concerning the signal 
file itself. Consider the following *.wav file: 


|i| Sou ncl_Scale.wav 

To get information about the content we use the function audioinfo(): 


rav 

tion a udi 




\ 


v 


+j- MATLAB Command Window 



|» audioinfo( 1 E:\Sound_ 

Scale .wau 1 ) 

■ 

ans = 

Filename: 

1 E:\Sound_Scale.wau 1 


CompressionMethod: 

1 Uncompressed 1 


NumChannels: 

1 


SampleRate: 

8000 


TotalSamples: 

20000 


Duration: 

2.5000 


Title: 

n 


Comment: 

n 


Artist: 

n 


BitsPerSample: 

16 


» 


.... J 
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Play, Pause (resume), Resume, Stop sound playing 

How using the functions audioplayer(), play(), pause(), resume() and stop() we will see 
how to play, pause, continue and stop playing a sound/signal: 



1 - s=uavread( 1 E : \Husic_Honoke.uav 1 ); 

2 - frequency=44100; 

3 Atypical frequencies are 8000, 11025, 22050, 44100 

4 ^higher is the frequeny, faster the sound will be played 

5 - player=audioplayer(s,frequency); 

6 

7 We play the sound 

8 - play(player); 

9 - keyboard Wo if you type "return" this will continue the script 
10 

11 We make a pause 

12 - pause(player); 

13 - keyboard Wo if you type "return" this will continue the script 

14 

15 We continue to play 

16 - resume(player); 

17 - keyboard Wo if you type "return" this will continue the script 

18 

19 We stop 

20 - stop(player); 



MATLAB 


534/1357 







Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Plot a sound spectrum 

Plot a sound spectrum is one of the most common requests of MATLAB signal processing 
engineers. Without Toolbox the beginning of the procedure is not necessarily intuitive 
because it required to use the sampling frequency that we can retrieve using the wavread() 
function as you can see below 



1 - [wave,fs]=wavread( 1 E : \Husic_Honoke.wav 1 ); 

2 - t=0:l/fs:(length(wave)-1)/fs; 

3 %this sound is stereo the the "wave" is a matrix with two column 

4 %this is why the plot has two spectrum (one in blue the other in red|) 

5 - subplot (2,1,1) 

6 - plot(t,wave(:,1)); 

7 - title ( 1 Left channel 1 ) ; 

8 - subplot (2,1,2) 

9 - plot(t,wave(:,2), 1 r 1 ); 

10 - title ('Left channel 1 ); 


Then we get of a stereo sound signal: 
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Or another way to do that: 



1 3=uavread( 1 E:\Music_JamesBond.wav' ); 

2 s_info=audioinfo( 1 E:\Music_JamesBond.wav' ); %this sound is mono! 

3 length(s); 

4 length(s)/s_info.SampleRate; %so we get the 32 seconds! 

5 We extract a part of the sound only 

6 s_seg=s(8000*5:8000*10); 

7 plot(s_seg); 


[ Figure 1 



HBB 

File Edit View Insert Tools DeskJtop Window Help 




o a a £ fe <3* ® « a • 

'fid 

□ s 

□ 0 
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Sound FFT (DFT) 

We have already seen how to make an FFT with a random signal (see page 508). The only 
purpose here is to see a simple way to the same with a sound signal using once again the 
function fft() and nextpow2(): 


EDITOR PUBLISH VIEW 

E& M 

A H ^ @ 


1 

y=uav£ead( 1 E:\Music JamesBond.wav 1 ); 


2 

Fs=B000; ^Sampling frequency 


3 

T=l/Fs; ^Sample time 


4 

L=length(y); ^Length of signal 


5 

t=(0:L-l)*T; %Time vector 


6 

NFFT=2 A nextpow2(L); %Next power of 2 from 

length of y 

7 

Y=fft(y,NFFT)/L; 


3 

f=Fs/2*linspace(0,l,NFFT/2+l); 


9 

figure(1) 


10 

plot (t,y) 


11 

title ('Wave form in time domain 1 ) 


12 

%Plot single-sided amplitude spectrum. 


13 

figure(2) 


14 

stem (f, 2 *aiDS (Y (1 :NFFT/2+l) ) ) 


15 

title( 1 Single-Sided Amplitude Spectrum of 

y(t) 1 ) 

16 

xlatoel( 1 Frequency (Hz) 1 ) 


17 

ylatoel( 1 |Y(f)| 1 ); 



The original sound signal is: 



1 Figure 1 



HHE3I 

File Aijjt View Insert Tools DeskJtop Window Help 




“j a a ^ | t* | % % n ® m d - 

a 

□ Q 

□ 0 
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And the corresponding FFT (DFT) gives: 
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Generate a sound and save it 

Create artificial sounds is a major subject and business in CAM (Computer Assisted Music). 
We will see here a small academic example on how to play a sound scale using the function 
sound() and the function wavwrite() to save it on the computer: 


EDITOR PUBLISH VIEW 


m El 1 1 ^ B 

1 %We generate a sound scale 

2 x= 1:2500; 

3 x=x/10000; 

4 do = sin (2 *pi*440*x) ; 

5 re=sin (2 *pi*9/B*440*x) ; 

6 mi=sin (2 *pi*5/4*440*x) ; 

7 fa=sin(2*pi*4/3*440*x); 

8 so=sin(2*pi*3/2*440*x); 

9 la=sin(2*pi*5/3*440*x); 

10 si=sin(2*pi*15/8*440*x); 

11 do2=sin(2*pi*2*440*x) ; 

12 z=[do re mi fa so la si do2] ; 

13 %we play the sound 

14 sound(z, 10000) ; 

15 %we save the sound 

16 uavurite(z, 1 C:\tmp\GenSoundScale.wav 1 ) 




r 


This will create a file as you can see below 
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Play sounds in sequence or parallel 

In the example before we have play a sound in sequence (serial) but what about playing two 
or more sounds in parallel using the function sound()?: 



1 %We generate two sound 

2 x= 1:2500; 

3 x=x/10000; 

4 do = sin (2 ^piM^O^x) ; 

5 re=sin (2 ^pi^O/SM'lO^x) ; 

6 

7 %ue play them in sequence 

3 sequence_play = [do re] ; 

9 sound(sequence_play,10000) 

10 %ue play them in parallel 

11 parallel_play=sum ( [do re] ) ;| 

12 sound(parallel play,10000); 
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Scripting 

Caution! New releases of MATLAB have autocompletion/intellisense for built-in 
functions but not for contextual variables/functions that you created yourself! 

MATLAB script is the major subject of MATLAB as for any scientific tool. Scripts gives you 
the possibility to automate analysis, trading orders, machine behaviors, etc. The most 
important fact in MATLAB is that you can at the end compile you script in a C++ ou C# *.dll 
and use the resulting code in your own applications. 

The MATLAB script language is not a programming language, you do not have a difference 
between routine and functions and the variables are not signed but you must always keep in 
mind the purpose of the R&D engineer is not to become and computer scienti^kbut to have a 
RAD (rapid application development) solution to not lose too much time on computer and 
focus more on lab stuff. 

Script Editor most asked preferences 

Let us first begin by the most asked preferences questions of MATLAB users about the script 
editor. In the Home tab click on Preferences: 


HOME 

1 

PLOTS 

APR! 

s 

SHORTCUTS 




a 

* 

□ 

Lj Find Files 

& 

a 

Ltg, New Variable 

Open Variable ^ 

I_jP' Analyze Code 

Run and Time 

LIB 

aaj 

1 ©preferences £7^ 

- . 

Layout | Specify preferences | 

New 

New 

Open 

| 1 >l Compare 

Import 

Save 

Simulink 

Script 




Data 

Workspace 

tg? Clear Workspace 

Clear Commands ▼ 

Library 

- =5 Parallel ▼ 



FILE 



VARIABLE 

CODE 

SIMULINK 

ENVIRONMENT 

TW 

loi X 

m 2 

e 








In the Editor/Debugger section you can choose or not to have last script files to be reopen at 
each new MATLAB session: 
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Now something boring in the script editor is the page break line on the right for people that 
print scripts on paper or on PDF: 


EDITOR PUBLISH VIEW 



but most user don't print anymore... Then let us see how to remove this trough the section 
Editor/Debugger in the subsection Display you can deactivate Show line: 
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And if you don't want auto-indenting (auto-tabulation) while you are typing MATLAB script 
just change the following: 



Well commented script 



Comment script is a very important process in the field of engineering. Everything that is 
relative to comments is in the register Publish: 


1 
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The first thing to do when you create a new script is to insert a Section with Title: 


PUBLISH 


ini 


Save Section 


Section 
with Title 


FILE 


INSERT SECTION 


IjBolcl 
J Italic 

M Monospaced 

INSERT INLINE MARKUP 


Hyperlink 
^ ln| i ne LaTeX 


® El . - <3 ^ B 


SECTION TITLE 

% DESCRIPTIVE TEXT 


Thus you see that to comment a line we just simply write % at the beginning of the line or we 
use the keyboard shortcut Ctrl+R. You can also comment a block of script using %{ ... %}: 


EDITOR 

PUBLISH 

VIEW 

GS IH 

la <3 & B ® a 

- E 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 


1 


^example of bloc commented script 
%the comment block symbols must be alone on a line 
function y=script_help(x) 

if -vector(x) 

eorr( 1 Input must be a vector 1 ) 

end 

%} 

y=sum(x)/Length(x); 

end 


After you can insert anywhere a Section (also called "cell") in the code: 
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PUBLISH 


Bold 
7 Italic 

Section 

with Title M Monospaced 


<?> Hyperlink 
^ Inline LaTeX 


a — 
3 — 


FILE 


INSERT SECTION 


INSERT INLINE MARKUP 


Bulleted List 
Numbered List 
Image 

INSERT E 


IS 0 - ^ B 


%% SECTION TITLE 

^ DESCRIPTIVE TEXT 




Note: If you press Ctrl+Enter to execute a code or 
run. 


Define help text 



the active section ve cell) 



In MATLAB by default the first comments at the top of the scripts will be used by the help 
command: 


EDITOR 







PUBLISH 


VIEW 


^ a y 

New Open Save 


L._*J Find Files Insert ijj^ fx |rfj| 

|jjj Compare ▼ Comment % ^ 

Q Print ▼ Indent |y] 

FILE EDIT 


□PH Go To ▼ 

LA Find ^ w 

NAVIGATE BREAKPOINTS 


i> & 


Breakpoints Run 


Run and Run and 
Time Advance 

RUN 


L?H IjelI 




1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 

15 


% Script Help shows a help demo 

% script_help makes a simple calculation and return only on argument 

% 

% See also SUM, PLUS. 

% For more information, see <a href="matlab: 

% web ( 1 http ://uuu.mathworks . com 1 ) rr >the MathUorks Web site</a>. 
function y = script_help(x) 

%Author: Vincent ISOZ 

if -isvector(x) 

error ( 1 Input must be a vector 1 ) 

end 

y = sum(x)/length(x) ; 

end 
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As you can see here is demo using simple texts and hyperlinks: 


Command Window 


>> help script_help 

Script Help shows a help demo 

script_help makes a simple calculation and return only on argument 
See also sum , plus ■ 

for more information, see the HathUorks Web site . 


» 


As you can see nothing is especially difficult. But in facts what we did is false!! 

Yes the good method is the following (the script is not the same as above but this is not the 
subject, just focus on the header part!): 


ED[TQR PUBLISH VIEW 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 

17 - 
IS 

19 

20 
21 
22 


%%Main title of our demo script to study help syntax 
% script_help is a demo script to see how to correctly use MAT LAB 
% comments 
% 

% Example: 

% 

% ScriptDemo(x) Then you get the following result 
% 

% For more information, see <a href= n www .mathworks.corn n >Alphorm< / a> 

% See also: SUM, PLUS 

% Copyright 2014 Mathworks 

% $Author: V. ISOZ $ $Oate: 2014/03/07 13:23:52 $ ^Revision: 0.1 $ 

F] function y=_s_cript help(x) 

x=5; %this is a constant for... 

□ %{ 

if ~isvector£x) 

error ( 1 Input must be a vector'); 

end 


23 - Y=sum (x)/length £ x> ; 

24 - end 


Since the last versions of MATLAB it seems that the Copyright and Author metadata doesn't 
work in the publishing tool anymore © 
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Use ToDo, FixMe and Notes 


A major requirement of many developers is to have like Visual Studio .Net the possibility to 
write at given places of the code comments using the keywords ToDo, FixMe, Note and after 
to get a summary like a report of the such comment. 


MATLAB is able also to do this. Consider the following example: 


script Jodojixme.m + 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

111 

12 

13 

14 

15 - 

16 

17 - 

18 - 

19 

20 - 
21 - 
22 - 

23 

24 


%% This is a demo script with typical help 
% Script Autocorrpletion shows an autocompletion demo 

% script_autocompletion makes a simple calculation and returns only 

% 

% See also SUM, PLUS. 

£ 

% For more information, see <a href«"matlab:web(*http://www.mathwor 
% Copyright 2015 Mathworks 

% SAuthor: V. ISOZ $ $Date: 2015/05/29 18:32:43 S SRevision: 0. 


Ne pas oublier de d£commenter la fonction 
on y*scnpt_debug (x) 
echo on ; 

pas oublier d'utiliser la variable 

n-10000; %*ok<NASGU> 
if -isvector(x) 

%FixMe: Ne pas oublier de faire de la vraie gestion d'erreurs 
errordlg( ■Input must be vector* ) ; 

end 

y-sum(x )/length(x); 

^M^r^lceci reste a etre valide par le client 
%end 


uncti 


Now to get a summary of all such comment, you need to the main MATLAB GUI to open the 

TODO/FIXME report: 
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[ HOME 

1 

PLOTS 

APPS 





0 * 
New New 

O 

□ pen 

Cq] Find Files 

IT-1 Compare 

Import 

Save 

Bgj New Variable 

Qj- Open Variable ^ 

i Analyze Code 

^ Run and Time 

1-1 @ Pr< 

Layout Se 

Script » 

FILE 


Data 

Workspace Clear Workspace ^ 

VARIABLE 

1/j Clear Commands » 

CODE 

ENVIRONM 


^ ► C: ► Users ► trainer ► Documents ► MATLAB ► 


Current Folder 


□ 


H 

* 

E 

B 

© 


* 

* 

B 

© 


Name 

Apps 

html 

Cornrnents.m 
script_autocompletion.m 
s c ri pt_c o n d iti o n s_if. m 
sc ri pt_c o n d iti o n s_switc h. m 
script_debug,m 


script_help.rn 


s c ri ptJterati o n_f o r. m 
sc ri ptjterati o n_wh i I e. m 
sc ri pt_m a n a g e_erro rs, m 
sc ri pt_o pti m izati o n. m 
sc ri pt_to d o_f ixm e. m 


script help.m (Function) 


Workspace 


Name 

33 k 


Value 

IxlOOOOO double 


So you get: 


U Web Browser - TODO/FDCME Report 
TODO/FIXME Report X + 

+ + C & M 


New Folder 


New File 

► 

r 


Reports 

Compare 

Find Files Ctrl+Maj+F 

Show 
So rt By 
Group By 

l+ - Minimize 

□ Maximize Ctrl+Maj+M 

? Undock Ctrl+Maj+U 

X Close Ctrl+W 


Code Analyzer Report 
TODO/FIXME Report 
Help Report 
Contents Report 
Dependency Report 
Coverage Report 


> 


® 




TODO/FIXME Report 


The TODO FIXME Report shows MATLAB files that contain the text strings selected below (Learn MoreT 


Rerun This Report Run Report on Current Folder j 


® TODO g] FIXME m NOTE 


Report for folder C: Users trainer Documents MATLAB 

MATLAB File List 


i 


Coicitents .it 


scrict autocoitcletion.it 


scrict conditions if.it 


scrict conditions switch.ir. 


scrict debucr.rr. 


scrict helc.it 


scrict iteration for.it 


scrict iteration while.it 


scrict itanace errors.it 


scrict octiitization.it 


scrict todo fixite.it 

13 ToDo: Ne pas outlier de decommenter la fonction 

16 ToDo: Ne pas outlier d'utiliser la variable 

19 FixMe: Ne pa3 outlier de faire de la vraie gestion d'erreurs 
23 Note: Ceci reste a etre valide par le client 


MATLAB 


548/1357 































































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Autocompletion 

If you want to use autocompletion in MATLAB begin to write the variable name/function you 
want and press the TAB button on your keyboard: 



1 

2 

3 

4 

5 

6 
7 
3 
9 

10 


%we define a few variable at the beginning 
int_Sinmlations=10000; 
int Users=3; 



% lat 
int 


int Users 


them 


Also the same thing works for native function 

[ 



EDITOR 


O Q 

New Open 


\& |jg| 

JUJJL a 

1 

% w 

2 

in 

3 

in 

4 


5 


6 

ff 

7 




Find Files 

-.. 


f f 2 n 


ffplot 
fft 


Insert fx ffi] ▼ <£ 

Comment ^ ^ J|jjl c^jGoTo ▼ 
Indent [J] jf<L| Find ▼ 

EDIT NAVIGATE BRE 


fft2 
fftdemo 
fftfilt 
f f tn 
fftshift 


variable at the beginning 
]□□□; 

T 1 FFT 


Move with the arrows of your keyboard and press ENTER to validate (or TAB again). 
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Conditional structure (if/switch) 

Note: The purpose of this document is not to make an introduction to algorithmic. If you don't 
know how to make programming/scripts first follow an algorithmic course or read a book on 
the subject. 


if statement 

Let us see the most simple and complete example of an If... Elseif...Else...End MATLAB 
statement syntax with OR (II) and AND (&&) operators= 


EDITOR 

PUBLISH VIEW 

lib M 

H <a> - B 


1 inputarg=rand (5,5) ; 

2 [r, c] = size(inputarg); 

3 if it — — 1 ££ c = =l 

4 disp( 1 scalar 1 ); 

5 elseif r = =l || c==l 

6 disp( 1 vector 1 ); 

7 else 

8 disp( 1 matrix 1 ); 

9 end 



As you can see if we run the script (Ctrl+Enter), we get: 



Command Window 


inputarg = 


0.1622 

0.6020 

0.4505 

0.8258 

0.1067 

0.7943 

0.2630 

0.0B3B 

0.5383 

0.9619 

0.3112 

0.6541 

0.2290 

0.9961 

0.0046 

0.52B5 

0.6B92 

0.9133 

0.0782 

0.7749 

0.1656 

0.74B2 

0.1524 

0.4427 

0.8173 


matrix 

h » I 

1 ^ 
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And well another well know good exercise for applying if statement is to plot a random walk 
(Brownian motion): 


^DITOR PUBLISH VIEW 

lib Csl ^ ©©a- 

1 

r=[0 0] ; 

2 

E 

for t= 0:0.1:100 

3 


rand step=rand(1,2); 

4 


B=rand step>0.5; 

5 


if B==1 

6 


rnew=r+[1 0]; 

7 


elseif B (1)==1 

3 


rneu=r+[0 1] ; 

9 


elseif B (2)==1 

10 


rneu=r+[-l 0]; 

11 


else 

12 


rneu=r+[0 -1] ; 

13 


end 

14 



15 


hold on; 

16 


plot([r(l) rneu (1) ] , [r (2 ) rnew (2 ) ] ) ; 

17 


r = i:new; 

13 


end] 




This will result in: 




’ Figure i 



mmm 

File Edit View Insert Tools Desktop Window Help 




a a ^ | k I ^ ^ o 8 « d - 

f=z 

□ B 

■ O 


c 
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switch statement (with if...) 

The Switch...Case...Otherwise...End statement is known to be faster as the If statement in 
most case and gives you also the possibility to have a more readable script. 


Here is a first example that is a variation of the previous one use to introduce if... statement: 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 


mat_Elandori[i=r and (1,1) ; 

[ r , cl=3ize (raat_Etandom) ; 

switch true 

case r=l && c=l 
disp ( 1 scalar 1 ) ; 
case r=l | | c=l 
disp ( 'vector' } ; 
otherwise 

disp ( 'matrix' ) ; 

end 


► 


Here is another very interesting example introducing at the same time the 
MATLAB command: 


V/ 

e famous 


ous nargin 


EDITOR 

PUBLISH 

VIEW 

© ioJ L 

m ^ - 35 



1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 

15 

16 
17 
13 


R function y = script_discriminant (a,b, c) 
switch nargin 
case 3 

d = b A 2 - 4*a*c; 
case 2 

d = b A 2; 
otherwise 
d = □; 

end 

d 

if d<0 

disp( 1 warning: discriminant is negative, roots are imaginary 1 ); 
elseif d==0 

disp( 1 discriminant is zero, roots are repeated 1 ); 

else 

disp ('OK: roots are real and distinct 1 ); 

end 

end 


As you can see above, mix Switch with If in the same function/script is not a major issue 
(logic...). The result of this script if you call the function will be: 


MATLAB 


552/1357 








Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Command Window 


>> script_discriminant(5,2,3) 
d = 


-56 


warning: discriminant is negative, roots are imaginary 

h » 


Another typical very simple example applied to finance: 


^x 


IBI g © a - 2 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 


function [value] = diffbls2price(PutOrCall,SO,X,r,sigma,T,div,Optionprice) 
%difffcils2price function 

% dist computes the difference between the function 
% BlackScholes option value and the given option price. 

[call, put] = blsprice(SO,X,r,T,sigma,div); 
switch PutOrCall 
case 1 Call 1 

value = call - Optionprice; 
case 1 Put 1 

value = put - optionprice; 
otherwise 

error( 1 Check option type! 1 ); 

end 

end 
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Iteration structures 

Iteration structures are well known in algorithmic and thus in any programming language. 
There is just a trap with MATLAB: even if some MATLAB native functions facilitates the 
cleaning/treatment of vectors and matrices, sometimes the traditional For...End are 
faster if you test them with a tic... toe! 

You must also know that there is no For each... iteration structure in MATLAB (at least 
actually) and thus you cannot iterate across objects collection. 

For...End iteration structure (and optimization) 

In MATLAB we almost always use loop as in other programming/script languages. But the 
fact that MATLAB is Matrix based sometimes changes the deal with classic 
programming/script languages. 

Let us see below a very easy example that shows us this paradigm: 



EDITC 

JR PUBLISH VIEW 


M . 

ilSfi B 

l 



%common way 

2 



clear all;close all;clc; 

3 



t ic|; 

4 



n=1000; 

5 


E 

for k = 1:l:n 

6 



b(k)=sqrt(k); 

7 



end 

8 



toe; 


and if we run the script (Ctrl+Enter) we get: 


Command Window 


Elapsed time is 0.005920 seconds. 

fx » | 


sam 


Now if we write the same thing but in a "vectorial” way we have: 

■ 

© 


pill 


ft 


1 %by thinking vectorial 

2 clear all;close all;clc; 

3 tic; 

4 n=1000; 

5 k= 1: 1: n; 

6 b=sqrt(k); 

7 toe ; 

R 
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and if we run the script (Ctrl+Enter) we get: 


Command Window 


Elapsed time is 0.006796 seconds. 

d » 


Take care to the statistical bias of the interpretation of only one run! You have to run a 
code a thousand of times to have a statistical distribution or the running time and after do a 
Student-? test (or a non-parametric median test) to compare the efficiency of the code. 


Now what happens if we preallocate the vectors=: 


EDITOR PUBLISH VIEW 


IS El Ii B 

1 Abetter toy pre-allocating 

2 tic; 

3 n=1000; 

4 _a=zeros (1, n) ; 

5 to=zeros (l^n) ; 

6 a = 1: 1: n; 

7 to = sqrt(a); 

3 toe; 



and if we run the script (Ctrl+Enter) we 



Command Window 


Elapsed time is 0.00B364 seconds. 



IS M & m - B 


1 %even better than toefor toy pre-allocating with empty vectors 

2 clear all;close all;clc; 

3 tic ; 

4 n=1000;| 

5 a=[]; 

6 b=[]; 

7 a = 1 : 1 : n ; 

3 to = sqrt(a) ; 

9 toe ; 

10 
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and if we run the script (Ctrl+Enter) we get: 


Command Window 


Elapsed time is 0.000932 seconds. 

k » I 


wouah! Not too bad... 

And what happens if we write a maximum of stuff only on one line?: 


EDITOR 


PUBLISH 




% ^ 


%and last with all on one-line| 
clear all;close all; clc;pack; 
tic; n= 1000; a=[] ; b= [] ;b=sqrt(a) ;toc; 


Command Window 


Elapsed time is 0.000055 seconds. 

fx » 



wouhahah! In comparison with the first si 



Command Window 


Elapsed time is 0.005920 seconds. 

A » 


A last remark... If you 
much figure are open. 



loop on chart figures you will sometimes need to know how 
purpose you can use the following syntax: 


I MATLAB Command Window 


» figure(l) 

» figure(2) 

» intFigure=findallf 0 f 1 type 1 „ 1 figure 1 ) 

A 

intFigure = 


1 


2 


» length(intFigure) 


ans = 


2 


» 

Uj 

iA. 
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While...End iteration structure 

For...End iteration structures are not always adapted to all situations. Before that we see such 
a real example let us see the syntax of a While...End structure with a funny well know 
example of the precision limit on any programming/script language: 


EDITOR PUBLISH VIEW 



„„ m ^ B 

1 



%funny while usage to have MATLAB 

2 



^precision limit 

3 



e = 1; 

4 


F 

while 1 + e > 1 

5 



e = e/2; 

6 



end 

7 



emach = 2 *e| 


Or the very common case when you don't have developed a GUI (Graphic Use iterfacce) 



EDITOR 

PUBLISH 

VIEW 



m 


ii * 


1 


2 


3 


4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

— 


function script_whileloop 

% Prompts the user and echo prints the numbers entered 
% until the user enters a negative number 
inputnum=input( 1 Enter a positive number: 
while inputnum <= 0 

fprintf( 1 You entered a %d.\n\n 1 ,inputnum); 
inputnum =input( 1 Enter a positive number: 

end 

fprintf ( 1 OK!\n' ) ; 

end 


If we 


call the function we get 


something working well: 




>> script_whileloop 

Enter a positive number: -5 

You entered a -5. 

Enter a positive number: 3 
OK! 

/* » | 


Another typical example using a while with multiple conditions: 
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1 

2 
3 

& 

6 

7 

B 

10 

11 

12 

13 

14 

15 

16 


17 

Lc 

19 

20 
21 
22 
23 


clear ali;clc; 
r--i; c--l; 

R while |(r<*: .<-Q)| 

ole 

r-input( p Type the number of desired rows: 1 ); 
e~inpur( fc Type the number of desired columns: 1 ); 

end 


mat_Randc3m*rend(r f c); 

( e r c ] =s i re (mat_Randoir.) ; 

switch true 

case X"1 ££ c—l 
disp { 1 scalar 1 ); 
case r=l ( | c==l 
disp( 'vector 1 ); 
for lc»liffAx( [r,e]) 

disp (juat_Random{ir)) ; 

end 

otherwise 

disp{ "matrix 1 ); 

end 
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Functions (functions files) 

In some example seen before you have certainly noted that when you create a function, the 

*.m file must have the same name as the function itself! 

You can call MATLAB functions using either command syntax or function syntax, as 
described below. 

A function call in this syntax consists of the function name followed by one or more 
arguments separated by spaces: 


functionname argl arg2 ... argn 


Command syntax does not allow you to obtain any values that might be returned by the 
function. Attempting to assign output from the function to a variable using command syntax 
generates an error. Use function syntax instead. 

A function call in this syntax consists of the function name followed by one or more 
arguments separated by commas and enclosed in parentheses: 


functionname(argl, arg2,..., argn) 


One input, One output (OIOO) 

Now write one of the simplest example that you can imagine with a function: something that 
takes in input only one information and that returns also only one output: 





1 F] function y=script_average(x) 

2 - if -isvector: (x) 


3 

4 

5 

6 
7 


L end 


end 

y=sum(x)/length(x); 


msgbox( 1 Input must be a vector 1 ); 
return; %to exit the function 


If you call the function you simply get: 



>> z=rand(100,1); 

>> script average(z) 


ans 


0.5280 


A >> 


MATLAB 


559/1357 









Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Nothing new! And if generate an error: 


Command Window 


h 


» script_average([5 2;3 S] 

>> 








>V 
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Multiple inputs, One output (MIOO) 

The level just above of the previous example is to have multiple inputs and to return one 
output. Here is also a well-known worldwide example in Finance of such a situation: 


EDITOR PUBLISH VIEW 


© M . ^ © 



» BSCall(100,100,0.1^,0.5,2.194056) 


ans = 


56.5364 

» BSCall(150,100,0.03,0.5,2.194056) 


ans = 


97.6267 

» BSCall([100 150],100,0.03,0.5,2.194056) 


ans = 


56.5364 97.6267 


A » I 

As you can see, the inputs can also be vectors! 
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One input , Multiple outputs (OIMO) 


This is also a famous example introducing the nargout MATLAB command that detects how 
many outputs the user request for the function: 


t 

C:\Documents and 5ettings\Administral;eur\Mes documents\MATLAB\stats.m 

EDITOR 

PUBLISH 

VIEW 


<3 B © 



1 

2 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 
9 - 

10 - 


function [mu, sigma]=stats(X) 

^statistics will be calculate only if there are two requested outputs 
if nargout==2 
mu=mean(X); 

[nobs,nc]=sise(X); 

sigma=sqrt(sum(X. A 2 ) / (nobs *nc)-mu. A 2 ) ; 

else 

disp{ 1 You must request two outputs! 1 ) ; 

end 

L end 



The result will be: 


Command Window 


» v=[5 7 2]; 

>> stats(v) 

You must request two outputs! 

>> [mu,sigma]=stats(v) 


mu = 


4.6667 


sigma = 


2.0543 


>> [--, sigma] =stats (v) 


sigma = 


2.0548 


fx » 



And if we simplify the code: 
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0 C:\Documents and 5ettings\Administrateur\Mes documents .MATLAB .stats.m 

EDITOR 

PUBLISH 

VIEW 



m m - ~ & © 


We get: 


function [mu, sigma]=stats(X) 
mu=mean(X); 

[nobs,nc]= size(X); 

sigma=sqi:t (sum(X. A 2)/ (nobs*nc) -mu. A 2) ; 

end 




Command Window 


» v=[5 7 2]; 

>> stats(v) 

ans = 

4.6667 

>> [mu, sigma]=stats(v) 

mu = 

4.6667 

sigma = 

2.0548 


/* » 

Nothing very suprising. 
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Multiple inputs, Multiple outputs (M1MO) 

The way to use multiple inputs to get multiple output is by extension very easy. Consider the 
following well know academic example: 


EDITOR 




New Open Save 

t -w w £=^| Print » 


Uj Find Files Insert [=3, fa: ^ 

[jjl Compare ^ Comment ^ ^3 ||j] i^XjGoTo 

I it? Find 


FILE 


Indent kj 4 
EDIT 


NAVIGATE 


IS 


<a> ^ B 


1 

2 - 
3 - 


E function [r, theta] = script_cart2plr (x, y) 
r = sqrt(x A 2 + y A 2) ; 
theta = atan2(y,x); 


4 - L end 


The result will be: 


1 





ommand Window 


>> format compact 
>> script_cart2plr(10,5) 
ans = 

11.1003 

>> [r,theta]=script_cart2plr(10,5) 
r = 

11.1803 
theta = 

0.4636 

>> script_cart2plr(10) 

Error using script_cart2plr ( line 2 ] 
Not enough input arguments. 
fx » 
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Optional arguments 

We saw before that we can use nargin and nargout to manage/detect respectively input and 
output arguments. If you don't like how this both functions work you can use instead the 
function exist(): 


© 


H ^ - 


© a - £ 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 


function script_distance(vO,a,t,xO) 

%in practice you will need to manage all possible combinations 
if -exist ( 1 xO 1 , 1 van 1 ) 
d=v0*t+0.5*a*t A 2; 

else 

d=x0+v0*t+0.5*a*t A 2; 

end 

disp(d); 


end 


As you can see, if we forget the fourth argument the function still work: 


Command Window 
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Variables scope 

Most variables in the majority of script are local but in some special case it is useful to 
manage the scopes of variables. 

Global vs Local variables 

The first example is to see what happens when you create a variable into a function: 


m «a> - 


1 [ function ^Variable 

2 - disp ( 1 Take a look to the workspace. Is the variable rr x rr visible? 1 ) 

3 — x=3; 

4 Ut is not because "x" is in the local workspace of the function!] 

5 - end 


You will see that the variable is hopefully by default not visible in the MATLAB workspace. 
This is why we call such a variable a "ultra-local variable": 


Command Window 


>> myVariable 

Take a look to the workspace. Is the variable "x" visible? 

h » I 


Workspace 

Name L. 

Size 

Bytes 

Class 


Now see what happens if we declrate the variable using the statement global: 


EDITOR 

PUBLISH 

VIEW 


IS M i ■ 

^ © 



1 function invariable 

2 - global X; %by tradition global variables are in UPPERCASE 

3 - disp ( 1 Take a look to the workspace. Is the variable rr X rr visible? 1 ); 

4 - X=3; 

5 ^still not l| 

6 - end 


As you can see the variable is still (hopefully) not visible in the MATLAB workspace: 
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Then what is the purpose? The purpose is that the variable value can still 
another function: 


accessed by 




Hi <3? 


© 3 - E 


2 - 

3 - 

4 - 

5 - 


8 - 
9 - 


10 


function myVaniable 
global X; 

X=3;| 

script_call; 

end 

E; function script_call 
global X; 
disp(X); 

end 



And we get: 


Command Window 




© 


>> myVarialole 
3 

f* » 


Name L. 

Value 

Size Bytes 

j Class 




Then, what we call a "global variable" is a variable that is global at the level of functions 
workspace but will by default never be visible in the MATLAB workspace for security 
purposes (to not erase variables having the same name). 


If you want you can change the script as following: 
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EDITOR PUBLISH VIEW 


H 

l © © a - 2 

1 

E 

function X=|ttyVariable 

2 

- 

global X; 

3 

- 

_X=3; 

4 

- 

script call; 

5 

- 

end 

6 



7 

E 

function script call 

3 

- 

global 3 ; 

9 

- 

disp (X); 

10 


end 

w ^ 


Then when you ran it you will get: 



Command Window 


Workspace 
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Persistent variables 
Some comments are in order: 

1. You can declare and use persistent variables in a M-file function only (this is on of the 
main difference with a Global Variable that can be modified by the user in the 
MATLAB GUI). 

2. Only the function in which the persistent variable is declared is allowed access to the 
variable (this is specific to persistent variables). At the opposite of a Global variable 
that is Global AND persistent 

3. When the function exits, MATLAB does not clear the persistent variable from 
memory, so it retains its value from one function call to the next (this is the same 
behavior as global variables) 

To declare a persistent variable we use the statement persistent: 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


F function myVariable 


Atypical usage: count the number of runs of a given script 
persistent p_Runs; 
p_Runs=p_Runs +1; 
if isempty(p Runs) 


p_Runs=0; 

end 

disp( 1 Can you see p X in the workspace? 1 ); 
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One very interesting and important thing to know is that you can also pass functions as 
argument. 

Consider the following simple example that just calculate the derivate of any function in a 
range defined by an input vector: 


EDITOR PUBLISH VIEW 



Then we can call this function as following using the anonymous @ function statement: 
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MATLAB Command Window 
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Recursive functions 

Another useful type of function (especially in finance for example with binomial/trinomial 
trees and Data Mining for hierarchical clustering) are recursive function that call themselves 
to compute the next values. 

As example see the famous academic example below where we calculate the factorial using 
recursivity: 


C C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\script _fact_recursive.m 

EDITOR 

PUBLISH 

VIEW 



m H ... i5 © 


1 

2 

3 

4 - 

5 - 

6 - 

7 - 

8 - 


function factn=sci:ipt_fact_uecui:3ive (n) 
%fact recusively calculates n! 

%Usage: fact 
if n==l 

factn=l; 

else 

factn=n*scnipt_fact_recursive(n-1) 

end 


r 
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Command Window 
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Local functions (multiple functions in one script) 

As in many scripting/programming languages it must be possible in a same M-file to have 
multiple functions. 

As you can see this works well but the only one condition is that the main callable function to 
be at the top of the script: 


EDITOR 

PUBLISH 

VIEW 




» values = [12.7, 45.4, 93.9, 26.6, 53.1]; 

>> [ave,stdev] = 3cuipt_stat_local_function(values) 

ave = 


47.3400 


stdev = 
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Profile a script 

Profiling a script is a very useful functionality when you want to see where you code has low 
performances pieces. 

To use this functionality we will need the commands profile on, profile clear, profile off and 
finally profile viewer: 


EDITOR 

PUBLISH 

VIEW 

® 11 

■l ^ B CD 



1 profile on 

2 profile clear %you must first start profiling to clear the previous one 

3 

4 p=[3 -2 1] ; 

5 polyval(p,[579]) 

6 

7 profile off 

8 profile viewer] 

Then you will see a new panel that evaluates the execution time of the function polyval(): 



If you click oi 


link you get more details about what happens inside this function: 
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Start Profiling Run this code: |~~ 


~3 


' Profile time: 0 sec 


polyval (1 call, 0.005 sec) 

Generated 1Q-Ju!-2014 10:52:06 using cpu time. 

function in file C:\Froaram Files\MATIAB\R2013a\tQQlbo>c\matlab\pQlyfun\polyval.m 
Copy to new window for comparing multiple runs 


Refresh 


F Show parent functions F Show busy lines F Show child functions 

F Show Code Analyzer results W Show file coverage W Show function listing 

Parents (calling functions) 

No parent 

Lines where the most time was spent 


Line Number 

Code 

Calls 

Total Time 

% Time 

Time Plot 


68 

y = zeros [sis x, superiorfloat... 

1 

0.002 s 

38.3% 



63 

if nargin == 4 

1 

0.000 s 

0.5% 



Z4 

if nargout > 1 

1 

0.000 s 

0.4% 


T 


► 


Simple but very useful! 

As far as I know you can't use directly profiling command directly in function. Thus if you 
consider a function like the one below (empirical example): 


script_to_profile.m X ] script_profile_test.n 


( 


1 

2 

3 

4 

5 

6 
7 

e 

9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 


%% This Is a demo script with typical help I 

% Script Autocompletion shows an autocompletion demo 

\ script_autocompIetion makes a simple calculation and returns only 
% 

% See also SUM, PLUS. 

% 

% For more information, see <a href= n matlab:web(‘http://www.mathwor 
% Copyright 2015 Mathworks 

% $Author: V. ISOZ $ $Date: 2015/05/29 13:32:43 $ ^Revision: 0. 

%ToDo: Ne pas oublier de decoramenter la fonction 
function y=script_to_profile(x) 
echo on; 

%ToDo: Ne pas oublier d'utiliser la variable 
n=10000; %#ok<NASGU> 
if •’••isvector (x) 

%FixMe: Ne pas oublier de faire de la vraie gestion d’erreurs 
errordlg ( 1 Input must be vector 1 ) ; 

end 

y=3um (x) /length (x) ; 
peaks; 
logo;| 

%Note: Ceci reste a etre valide par le client 


- end 
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To test this function the only one solution I know for the moment is to write in another script: 

script_to_profile.m | script_profile_test.m | + | _ 

1 - profile clear 

2 - profile on 

3 

4 - script_to_profile[rand(le7,1)); 

5 

6 - profile off 

7 - profile viewer 

So we get: 



and if you click on the function script_to_file you get: 
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Catching errors 

Catching errors is one of the most important job of a professional scripting/programming 
language developer. 

The syntax of MATLAB for this purpose is similar to many modern programming languages 
using the Try...Catch... structure as you can see below in this simple example: 


EDITOR 

PUBLISH 

VIEW 





B © b - £ 


1 


function comb=script comibinatoire (n, k) 


try 

com=factorial(n)/(factorial(k)^factorial(n-k)) 
catch err 

disp(err.identifier); 

errordlg(getReport(err, 1 extended 1 , 1 hyperlinks 1 , 1 off 1 ), 1 Error 1 ) 
com=factorial(k)/(factorial(n)^factorial(k-n)) 

end 


end 


The result will looks like following: 


>OV 


Command Window 


>> script combinatoire(10, 2 ] 


45 


>> script_combinatoire(2,10) 
MATLAB:factorial:NNegativeInt 


com = 

J 

ft » 


* Error 




MM 


o 


Error using factorial (line 21) 

N must be an array of real non-negative integers. 

Error in script_combinatoire (line 3) 

com=factorial(n)/(factorial(k] x factorial(n-k)) 


OK 


Multiple callable functions in one *.m file 

By default the only function accessible from outside is the first function whose name is the 
same as the script file name. 

Here is an example of what we could to intuitively: 
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Q C:\Documents and 5ettings\Administrateur\Mes documents'.MATLAB PCAfunctions.m 


EDITOR 

PUBLISH 

VIEW 


IS M .. |mi ■ 







1 function parametricPCA() 

2 - disp( 1 This is a paramtric Principal Component Analysis') 

3 - end 

4 

F] f unct ion nonpatametr icPCA () 

disp( 1 This is a non-paremtric rank based Principal Component Analysis') 

end 


5 

6 - 

7 - 

8 
9 

10 - 
11 - 


function sPCA() 

J disp('This is a sparse Principal Component Analysis') 
end] 


But the result will not be the expected one: 



> 


Command Window 


>> parametricPCA 

Undefined function or variable 1 parametricPCA 1 . 

>> nonparametricPCA 

Undefined function or variable 1 nonparametricPCA 1 

>> sPCA 

Undefined function or variable 'sPCA'. 


Did you mean: 
f* » spa 


To be able to have multiple functions in a same file you have to use classes a following: 


B C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\PCAfum=tions.m 

EDITOR 

PUBLISH 

VIEW 

L & d 

^ © 



1 

2 

3 

4 - 

5 - 

6 

7 

8 - 
9 - 

10 

11 

12 - 

13 - 

14 

15 


classdef PCAfunctions % in PCAfunctions.m 
methods (Static = true) 

function parametricPCA() 

disp (' This is a parametric Principal Component Analysis') 

end 


0 


0 


function nonparametricPCA() 

disp (' This is a non-parametric rank based Principal Component Analysis') 

end 

function sPCA() 

disp (' This is a sparse Principal Component Analysis') 

end 


end 


end 
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After in any script or in the Command Window you just write: 


Command Window 


>> import PCAfunctions.* 

>> parametricPCA 

This is a paramtric Principal Component Analysis 
>> nonparametricPCA 

This is a non-parametric rank based Principal Component Analysis 
>> sPCA 

This is a sparse Principal Component Analysis 

h » I 
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Debugging technics 

Debugging is an important part of the job of any computer scientist. As we know one of the 
axioms of computing science is that almost all scripts have a least one potential bug (that is 
not necessary due to the code itself!) 

There are different commands for this purpose in MATLAB and let us see the most important 
of them. 
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M-Iint 

M-lint real time analyzer 

The M-lint real time analyzer is easy to recognize. Consider the following function and see: 



Going with the mouse on the colors we get for example: 



Or: 
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If the system thinks... that there are no errors you get 


;quare: 




LJEl n 


but as you can see there is still an error in reality... 
If we ask the M-lint analyzer to ignore something: 
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L2U 




RV, 






^example of block commented script 

%the comment block symbole must be alone on a line 
function y=mlint demo(x) 


end 


if 

-vector(x) 

eorr( 1 Input must be a vector 1 ! 

); 

er 

Add a semicolon. 

Alt+Entree 

Y= 

Suppress "Terminate statement with semicolon., 



Open Message or Expand Details 

Ctrl+M 


Evaluate Selection 

F9 _ 


Open "sum" 

Ctrl+D 


IniTlSE File 


In All Files 


we get: 



> 


[gj M <5 B © 3 - 2 


^example of block commented script 

%the comment block symbole must be alone on a line 
function y=mlint_demo(x) 
if -vector(x) 

eorr ( 1 Input must be a vector 1 ); 

end 


y=|sum (x) / length (x)l %#ok<NOPRT> 


end 


v 


M-lint reports 

Consider the following small script with multiple incoherencies and errors: 


fic: 

\Documents and 5ettings\Administrateur\Mes documents .MATLAB 

\mlintdemo.m 

_ 

EDITOR 

PUBLISH 

VIEW 


Lzy,i 

L=ni u Rv, ■ 

ml 

B © 3 - S 





1 

2 

3 

4 

5 

6 
7 
3 
9 

10 


^example of bloc commented script 

%the comme nt block symb ols must be alone on a line 
function y=|sc^ip^Jie^p|( x) 


if ^ecto^(x) 

[e|orrJ 1 Input must be a vector 1 

end 

y=sum (x)/length(x) ; 


- end 


Now take a look the M-Lint Code Analyzer Report: 
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Current Folder 



~|~Name | Size 

5 DataCorrel.txt 1 KB 


rmlintdemo.rm 


^ simRLC.sIx 14 KB 
% simRLC5 witch, six 15 KB 
sim5Qurce5cQ... 8 KB 
Thumbs.db 5 KB 



New Folder 


- New File 

► 

1 Reports 


Compare 


Find Files 

Ctrl+Maj+F 

5how 

► 

5ort By 

► 

Group By 

► 

EH Restore 


? Undock 

Ctrl+Maj+U 

X Close 

Ctrl+W 



TODO/Fl#lE Report 
Help Report 
Contents Report 
Dependency Report 
Coverage Report 
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This will give a poor result with a lack in error detection: 



Now consider the Help Report: 


Current Folder 



[Name 

DataCorrel.txt 


mlintdermo.nn 


| Size 

1 KB 


1 KB 


*1 simRLC.sIx 14 KB 
simRLCBwitc... 15 KB 
A simSourceSc...B KB 
^ Thumbs.db 5 KB 



1 r nninisnH lliinrlmn 

1 New Folder 

New File ► 

1 Reports 


Compare 


Find Files 

Ctrl+Maj+F | 

Show 

► 

Sort By 

► 

Group By 

► 

■+- Minimize 


□ Maximize 

Ctrl+Maj+M 

? Undock 

Ctrl+Maj+U 

X Close 

“T - 

Ctrl+W 


Code Analyzer Report 
TODO/FIXME Report 



Contents FHjiort 
Dependency Report 
Coverage Report 
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When your script is not correctly documented you get: 



■fci 




Now have a look the Depe 




% 


_ 


Current Folder 



|5k simRLC.sIx 14 KB 
^ simRLC5witc... 15 KB 
^ sim5ource5c...8 KB 
Thumbs.db 5 KB 


New Folder 

New File 

rl 

k 


1 Reports 


Compare 

Find Files 

Ctrl+Maj+F 

5how 

►| 

5ort By 


Group By 

>1 

■+- Minimize 

□ Maximize 

Ctrl+Maj+M 

? Undock 

Ctrl+Maj+U 

X Close 

Ctrl+W 


Code Analyzer Report 
TODO/FIXME Report 
Help Report 
Contents Report 

ISSBS^P 

Coverage Report 


MATLAB 


588/1357 



































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


And know we get the error indication about our two misspelled functions: 
;■^Dependency Re... 


Web Browser - Dependency Report 


EH □ B n 51 






Dependency Report 


The Dependency Report shows dependencies among MATLAB files in a folder (Learn 
Morel 


Rerun This Report | Run Report on Current Folder 

Show child functions 1^ Show parent functions (current folder only) 

1^ Show subfunctions 

Built-in functions and files in toolbox/matlab are not shown 

Report for Folder C:\Documents and Settir^sVAdministrateur\Mes documents\MATLAB 

Parents 


MATLAB File 

Children 


(calling functions, current dir. 

List 

(called functions) 


only) 

mlintdemo 

unknown : 

eorr 



unknown : 

vector 



A 


Echo on/Echo ofj 

For si mple scripts 
Suppose we have the folio 



B C:\Doctj^ients 

and 5ettings\Administrateur\Mes documents .MATLAB .EchoDemo.m 

EDITOR 

PUBLISH 

VIEW 



IS 


m ^ - B 


1 - disp( 1 This is a script and not a function! 1 ); 

2 - x=0:0.1:6*pi; 

3 - y=sin(x); 

4 - plot(x,y); 


We run it: 
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Command Window 


>> run EchoDeino 

This is a script and not a function! 



> 


We want to see the inside of the script when we run it without having to open/edit the script 
file. For this purpose we can use the echo on function: 


% C:\Documents and 5ettings\Administrateur\Mes documents .MATLAB .EchoDemo.m 

EDITOR 

PUBLISH VIEW 

® (§ , 

^ s E 


is a script and not a function! 

|^echo^onJ 


x=0 : O . 1: 6*pi;| 
y=sin(x); 
plot(x,y); 


We run it and as you can see it, all the details are printed out: 
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Or if we cancel the echo on in the script using the echo off command: 


C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\EchoDemo.m 

EDITOR PUBLISH VIEW 


Ig. 11 4 H ^ ^ B 

1 - disp( 1 This is a script and not a function! 1 ); 

2 - echo on; 

3 - x=0:0.1:6*pi; 

4 - y=sin(x); 

5 - [£cho^off^| 

6 - plot(x,y); 

Then we run it again: 


Command Window 

>> run EchoDemo 

This is a script and not a function! 
x=0:O.1:6*pi; 
y=sin(x); 
echo off; 


C 


Works well! 
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For functions scripts 

If we change the previous script into a function wee see that the echo on has no effect: 


0 C:\Documents and 5ettings\Administrateur\Mes documents .MATLAB .EchoDemo.m 

EDITOR 

PUBLISH 

VIEW 


®\ 

a 

V da ■ 

^ B 




£ function EchoDemo 

disp( 1 This is a script and not a function! 1 
echo on; 
x=0:0.1:6*pi; 
y=sin(x); 
echo off; 
plot(x,y); 

end 


Command Window 


>> run EchoDeino 

This is a script and not a function! 

» 




► 


Then we can remove the echo on and echo off because there are useless: 


0 C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\EchoDemo.m 

EDITOR 

PUBLISH 

VIEW 



m Id 1 | 5a B 


1 

2 

3 

4 

5 

6 


F function EchoDemo 

disp( 1 This is a script and not a function! 1 ); 
x=0:0.1:6*pi; 
y=sin(x) ;| 
plot(x,y); 

L end. 


To activate the echo on a function we have to use the command echo nameOfFunction on 
from the Command Window : 
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>> EchoDemo 

Th is is a script and not a function! 

>> [echo^EchoDertio^onJ 
>> EchoDemo 

disp( 1 This is a script and not a function! 1 ); 
This is a script and not a function! 
x=0:O.1:6*pi; 
y=sin(x); 
plot(x,y); 


end 


>> |echo^EchoDemo^offJ 
>> EchoDemo 

This is a script and not a function! 



And to stop to echo this function each time we run it, we just write echo nameOfFunction 
off. 

Manipulations during a run 

When you run a script you can't type commands while the script is running. If you write a 
pause(...) statement in the script this won't help because you won't be able to execute 
immediately what you write in the Command Window. 

The only way to stop a code and the same time to write something in Command Window is to 
use de keyboard command. 

For example if you execute this script: 






1 

2 

3 

4 


x = 5 
y=3; 


keyboard 

z=2 


You will get: 



X 


5 
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Then you can type what you want and execute it immediately: 


Command Window 


x = 

5 

K» y 
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Debugging (db...) functions 

Consider the following script: 



is 


m 


1 


2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 


E function NPM 

A=1O00; % amount borrowed 
n=12; % number of payments per year 

- for r =0.1:0.01:0.2 
fprintf( 1 %4.0f% 1 ,1O0*r); 

- 0 for k = 15 : 5 : 25 

temp = (1 + r/n) A (n*k); 

P = r * A * temp / (n * (temp - 1) 
fprintf( 1 %10.2f 1 ,P); 

end; 

fprintf( '\n' ); % new line 


end; 


end 


If you run it you will simply get: 


MATLAB Command Window 


NPM 



□SB 

mm 


10 

10.75 

9.65 

9.09 

11 

11 .37 

10.32 

9.80 

12 

12.00 

11.01 

10.53 

13 

12.65 

11 .72 

11 .28 

14 

13.32 

12.44 

12.04 

15 

14.00 

13.17 

12.81 

16 

14.69 

13.91 

13.59 

17 

15.39 

14.67 

14.38 

18 

16.10 

15.43 

15.17 

19 

16.83 

16.21 

15.98 

20 

17.56 

16.99 

16.78 


uj 


A 
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Now if we use the command dbtype we get a result that is similar to echo .... on with the 
difference that we see the line number and also the tabulation structure of the original script: 


MATLAB Command Window 




Idbtupel NPM 


1 

2 

3 

4 

5 

6 

7 

8 
9 

IB 

11 

12 

13 

» 


Uj 


function NPM 

8=1 BOB; % amount borrowed 

n=12; % number of payments per year 

for r =0.1:8.01:8.2 

fprintf ('£4- BfV ,1 B0*r); 
for k = 15 : 5 : 25 

temp = (1 + r/n) A (n*k); 
p = r * 0 * temp / (n * (temp 
fprintf('*10.2f 1 ,P); 

end; 

fprintf( '\n' ); % new line 


- D); 


end; 


end 




ji 


If we use the command dbstop the function will be executed line by line with the keyboard 
mode activated and the scripts editor automatically opens: 


MATLAB Command Window 


» dbstop in NPM 

» NPM %after calling the function, the MATLAB GUI will open with a breakpoint 
2 A=100O; % amount borrowed 

K» 


£ Editor - C:\Documents and Settings\Administrateur\Mes documents\MATI *.u\NPM.m 


mfsm 




Uj 


BETH 


© T 



1 



2 


O 

3 

- 


4 

- 


5 

- 


6 

- 


7 

- 


8 

- 


9 

- 


10 

- 


11 

- 



function NPM 

|a=iooo ; % amount borrowed 

n=12; % number of payments per year 

for r =0.1:0.01:0.2 

fprintf( 1 %4.0f% 1 ,100*r); 
for k = 15 : 5 : 25 

temp = (1 + r/n) A (n*k); 

P = r * A * temp / (n * (temp 
fprintf( 1 % 10.2f 1 ,P); 

end; 

fprintf( '\n' ); % new line 


1 ) ); 


d 


2 usages of "A"Pound 


NPM 


Ln 2 


coi 5 m 
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To go further we write dbstep and the next line of the function will be executed and show: 




and so on...: 


MATLAB Command Window 


» dbstop in NPM 

» NPM %after calling the function, the MATLAB GUI will open with a breakpoint 

2 A=1GG0; % amount borrowed 
K» dbstep 

3 n=12; % number of payments per year 
K» dbstep 

4 for r =0.1:0.01:0.2 
K» 


mmm 


31 


LlI 


Editor - C:\Doc 

uments and 5ettings\Administrateur\Mes documen 

ts\MATLAB\INPM.m [ 

Ijnpq 

l EDITOR 

PUBLISH VIEW 

' mi m 

© x 


FILEl EDIT NAVIGATE Breakpoints Continue Step 



[» 


in Step In 
| ft Step Out 
Run to Cursor 


Function Call Stack: 


NPM 


□ 

Quit 

Debugging 


BREAKPOINTS 


DEBUG 


R function NPM 


A=1000; % amount borrowed 

n=12; % number of payments per year 

for r =0.1:0.01:0.2 

fprintf( 1 %4.0f% 1 ,100*r); 
for k = 15 : 5 : 25 

temp = (1 + r/n) A (n*k) ; 

P = r * A * temp / (n * (temp - 1)) 


□ 


d 


NPM 


ILn 4 


■wr* /A 
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And if we want to stop the debugging and the script we use the command dbquit: 


MATLAB Command Window 

msm 

» dbstop in NPM 

» NPM %after calling the function, the MATLAB GUI 

2 A=1000; % amount borrowed 

K» dbstep 

3 n=12; % number of payments per year 

K» dbstep 

li for r =n i-n ni-o ? 

K»|dbquit| 

3 

will open with a breakpoint 

» 

A 



You can also put a break point at a given desired line: 


MATLAB Command Window 


» dbstop in NPM at 5 

» 


Uj 



mb 


J 


The command dbstack gives you the possibility to know where you are in the debugging of 
your script by returning the line number and dbstatus returns you the line where the first 
breakpoint has started the debugging: 


MATLAB Command Window 


» dbstop in NPM 
» NPM 

2 0=1000; % amount borrowed 
K» dbstep 

3 n=12; % number of payments per year 
K» dbstep 

4 for r =0.1:0.01:0.2 
K»[dbstackJ 

> In NPM at 4| 

K» [dbstatusj 

Breakpoint for NPM is on line 2. 

K» 


li 


mb 




A 


This two last function are not used a lot. 
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Now when you debug a script you want sometimes to run the script until the end without 
stopping it again. Then you just have to use the command dbcont: 



MATLAB Command Window 



» 

dbstop 

in NPM 



3 

» 

NPM 





2 


8=1000; 

% amount 

borrowed 


K» dbstep 




3 


n=12; % 

number of 

payments per 

year 

K» dbstep 




4 


for r = 

0.1:0.01:0 

.2 


|K» Idbcontl %to continue to 

run the full 

code (same as "return") 


10 

10-75 

9.65 

9.09 



11 

11.37 

10.32 

9.80 



12 

12.00 

11.01 

10.53 



13 

12.65 

11.72 

11.28 



14 

13.32 

12.44 

12.04 



15 

14.00 

13-17 

12-81 



16 

14-69 

13-91 

13-59 



17 

15.39 

14.67 

14.38 



18 

16.10 

15.43 

15.17 



19 

16.83 

16.21 

15.98 



20 

17.56 

16.99 

16.78 


» 

LfJ 




a.......................nud 



MATLAB 


600/1357 









Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Now have a closer look to the breakpoint that dbstop add automatically on line number 2 of 
the script and let us add other breakpoints manually as you can see here below: 
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If you use the command dbclear, all breakpoints will be deleted: 



You can use the s=dbstatus syntax and then save s to save the current breakpoints to a MAT- 
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Add conditional breakpoints 

This is in my point of view the most important debugging manipulation. To define such a 
breakpoint proceed as following: 

Make a right click at the line level where you want a condition breakpoint: 


EDITOR 


PUBLISH 


na lol . ^ 


1 


2 

- 

3 

- 

4 

- 

5 

- 

6 


7 

J 

8 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 



±2 


E; function NPM 
A= 1000; 
n= 15; 

for r=0.1:0.01:0.2 

*-4.0f% 1 , 100 *r) ; 


- — -i — ■' I 


5et Breakpoint 


5et Conditional 




: 2 5 

1+r/n) 


(n*k); 


P=r*A*temp/(n*(temp-1)); 
fprintf( 1 %10.2f 1 ,P); 

end 

fprintf( 1 \n 1 ); 




end 


end 


Then you type what you want: 


G MATLAB Editor 


File C:\NPM.m 


\xr 


| x| 


Condition for line 5 (for example, x == 1): 

; ) 1k==I1 


cm 


t J j|r==0.15| 


Note: the condition will be checked before the line is executed. 

Cancel 


OK 


Help 


And when yen 


u validate 1 


by OK, you get a yellow breakpoint: 
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EDITOR 

PUBLISH 

VIEW 

lib H 


i©3 T 2 


1 3 function NPH 

A= 1000; 
n= 15; 

4 - 3 for r = 0.1:0.01:0.2 

fprintf( 1 %4.0f% 1 ,100*r); 
for k=15:5 : 2 5 

temp=(1+r/n) A (n*k); 
P=r*A*temp/ (n* (temp-1) 


5 O 

6 - 

7 - 

8 - 


9 - 
10 - 


fprintf( 1 %10,2f 1 ,P) 

end 

fprintf( 1 \n' ) 
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Create a more complex wait bar 

A lot of MATLAB users and some developers... absolutely wants a progress bar even if it 
slow down dramatically the running time of the a script as we already saw it (see page 209). 

The problem that we saw the first time with the waitbar() function is that it is very limited 
because we could not change the color of the progress bar and not add a button to cancel the 
whole running script. 

Now that we are studying scripts it is time to introduce a more complex waitbar() and as you 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 



end 

delete[ub) ; 


steps = 100; 

ub = uaitbar(0, 1 Initializing... 1 , 1 Name 1 , 1 Pleaseuait 1 , ... 


1 createCancelBtn 1 , 1 setappdata(gcbf, 1 1 canceling 1 1 ,1) 1 ) ; 
set(findobj[ub, 1 Type 1 , 1 Patch 1 ), 1 EdgeColor 1 , 1 green 1 , 1 FaceColor 1 , 1 green 1 ) 
setappdata(wb, 1 canceling 1 ,0) 


if getappdata(wb, 1 canceling 1 ); break; end 

uaitbar(step/steps,ub,[ 1 Complete 1 numSstr(step*100/steps) '%']); 
% computation 


This will result in: 


a 



Complete48% 



Cancel 
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Import an XML file 

Importing XML feed is something always more and more frequent in computing 
developments. Because the MATLAB import wizard is not able at this day to import XML 
files we have waited until now to introduce the script to do such a job. 

For this purpose consider the following typical XML file: 


S C:\tmp\books.nml - Windows Internet Explorer 


mmm 




C:\tmp\books.xnnl 




\jrJ Trovi search 


’03 


Fichier Edition Affichage Favoris Outils ? 


... Favoris 0 C:\tmp\books, xml 


0 T H T Page t 5ecurite t Outils ’ 


<?xrril version="1.0" ?> 

- < catalog > 

- ebook id= M bkl01"> 

e author >Gambardella, Matthe we/author > 
etitle>XML Developer's Guidee/title> 

< genre >Computere/genre> 
e price >44. 95e/price> 

epublish_date >2000-10-01 e/publish_date> 

edescription>An in-depth look at creating applications with XML.e/description> 

e/book> 

- ebook id="bkl02"> 

eauthor>Ralls, Kime/author> 
etitle>Midnight Raine/title> 
e genre >Fantasy e/genre > 
eprice>5.95e/price> 

epublish_date>2000-12-16e/publish_date> 

edescription>A former architect battles corporate zombies, an evil sorceress, and her own childhood to become queen of the world. -^/description^ 
e/book> k 

- ebook id="bkl03"> 

eauthor>Corets, Evae/author> 
etitle>Maeve Ascendante/title > 

< genre >Fantasy e/genre > 
eprice>5.95e/price> 

<publish_date >2000-1 l-17e/publish_date> 

< description > After the collapse of a nanotechnology society in England, the young survivors lay the foundation for a new society. e/description> 
e/book> 

- ebook id="bkl04"> 

eauthor>Corets, Evae/author> 
etitle>Oberon's Legacye/title> 

< genre >Fantasy e/genre > 

<price>5.95</price> 

<publish_date>2001-03-10</publish_date> 


d 


] Poste de travail 


' 1^1 


And the following script: 
xmlfile='c:\tmp 


lib 

[i=: 

1 

- 

2 

- 

3 


4 

- 

5 


6 

- 

7 

- 

8 

- 

9 

- 

10 

- 


<:J 2> 


xmlfile = 'c:\tmp\books.xml 1 ; 
xDoc = xmlread(xmlfile); 

% Find a deep list of all listitem elements. 
allListltems = xDoc.getElementsByTagName( 1 book 1 ); 

% Note that the item list index is zero-based. 

E for k = 0:allListltems.getLength-1 

thisListltem = allListltems.item(k); 
blD = thisListltem.getAttribute( 1 id 1 ); 
disg(sprintf( 1 Book %i with id %s‘, k, char(bID) 

end 


The result will be: 


MATLAB 


606/1357 
























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Command Window 


© 


Book 

0 

with 

id 

bklOl 


Book 

1 

with 

id 

bkl02 


Book 

2 

with 

id 

bkl03 


Book 

3 

with 

id 

bkl04 


Book 

4 

with 

id 

bkl05 


Book 

5 

with 

id 

bkl06 


Book 

6 

with 

id 

bkl07 


Book 

7 

with 

id 

bklOS 


Book 

S 

with 

id 

bkl09 


Book 

9 

with 

id 

bkllO 


Book 

10 

i with 

. id bklll 

A 

Book 

>> 

11 

. with 

. id bkll2 


And now to read tag values and not only attributes: 



© m 


<3 ©CD a - 2 


1 

2 

3 

4 

5 

6 


clear all;clc 

xDoc = xmlread( 1 c:\tmp\books.xml 1 ); 

tag = xDoc . getE lenient sByTagName ( 1 author 1 ) ; 

F for i = □:( tag.getLength - 1) % O-based indexing, not 1 -based like MATLAB arrays 

chan(tag.item(i).getFinstChild.getData) 

- end] 
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Command Window 


ans = 

Gamibardella, Matthew 


ans = 

Ralls, Kim 



ans = 


f* Carets, Eva 
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Export an XML file 

Suppose we want to export some datas to create the following XML file: 



The script will be the following using xmlwrite(): 
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EDITOR 

PUBLISH 

VIEW 




ji= 

1 

- 

2 

- 

3 

- 

4 

5 

_ 

6 

- 

7 

- 

8 

- 

9 

10 

_ 

11 

12 

_ 

13 

- 

14 

- 

15 

16 

_ 

17 

- 

18 

19 

20 


21 

- 

22 

- 

23 

24 

_ 

25 

- 


- B (D 


A 


docNode = com.mathuorks.xml.XMLUtils.createDocument( 1 toe 1 ); 
toe = docNode . getDocumentE lenient; 
toc.setAttribute( 'version' , '2.0' ); 

product = docNode . createElement ( 1 tocitem 1 ) ; 

product.setAttribute( 1 target 1 , 1 upslope_product_page.html 1 ) ; 
product.appendChild(docNode.createTextNode( 1 Upslope Area Toolbox 1 )) 
toe.appendChild(product) 

product.appendChild(docNode.createComment( 1 Functions ')); 

functions = { 1 demFlou 1 , 1 facetFlou 1 , 1 flowMatrix 1 , 1 pixelFlow 1 }; 
for idx = 1: nuitiel (functions) 

curr node = docNode . createElenient ( 1 tocitem 1 ) ; 

I " 

curr_file = [functions{idx} '_help.html']; 
curr_node.setAttribute( 1 target 1 ,curr_file) ; 

% Child text is the function name. 

curr_node.appendChild(docNode.createTextNode(functions{idx} ) ) ; 
product.appendChild(curr_node); 

end 

xmlwrite( 1 info.xml 1 ,docNode); 
type( 1 info.xml 1 ); 
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Automation 

Generate a Microsoft Word report 

Generating automated Microsoft Word report is something very common. 
Here is an example of most common Microsoft Word Automation tasks: 


EDITOR 

PUBLISH 

VIEW 

y 

1- 

B © a - E 


1 %we call and open Microsoft Word 

2 - acx_word=actxserver( 1 word.Application 1 ); 

3 - set(acx_¥ord, 1 Visible 1 ,1); 

4 - doc=invoke(get(acx_word, 1 Documents 1 ) , 1 Add 1 ) ; 

5 %we put some texts and images using different methods FYI only 

6 - sel = get(acx_word, 1 Selection 1 ); 

7 - sel.TypeText( 1 This is a title 1 ); 

8 - sel.Style= 1 Titre l 1 %take care of the language of Microsoft Word 

9 - sel.TypeParagraph; 

10 - peaks 

11 - print( 1 -dmeta 1 , 1 -r600 1 ); 

12 - acx_word.Select ion.ParagraphFormat.Alignment=l; 

13 - invoke(sel, 1 Paste 1 ); 

14- str_TextDemo= 1 Ceci est un texte 1 ; 

15 - clipboard( 1 copy 1 ,str_TextDemo); 

16 - invoke(doc.Paragraphs, 1 Add 1 );invoke(doc.Paragraphs, 1 Add 1 ); 

17 - se1=invoke(doc, 1 range 1 ,doc.Paragraphs.Item(3) .Range.Start); 

13 - invoke(sel, 1 Paste 1 ) ; 

19 %we change the Normal style 

20 - stl_Normal=doc.Styles.Item( 1 Normal 1 ); 

21 - stl_Normal.F ont.Name= 1 Arial 1 ;stl_Normal.F ont.Size=10;stl_Normal.F ont.Bold=1; 

22 %we save and close the file and Microsoft Word 

23 - invoke(doc, 1 SaveAs 1 , 1 C:\DemoAutomation.doc 1 ) ; 

24 - invoke(doc, 1 Close 1 ) ; 

25 - invoke(acx_word, 1 Quit 1 ) ; 

26 - delete(acx_word); 

27 - close all;clear all;clc; 
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•r tmp 




Fichier Edition Affichage Favoris Outils ? 


$ 

Q Precedente t ^ ^ 

Rechercher 

L . Dossiers 

te 1 

Adresse C:\tmp 


J0OK 


Dossiers 


□ J Poste de travail 

ED ^ Disquette 316 (A:) 

□ ^ Disque local (C:) 

+ O Application 
0 Q Documents and Settings 
IS (£) Inetpub 
S & MAPLEV4 
+ (£) myplus 
ED (£) mysqlconnector 
m (£) oradexe 
ED (£) Program Files 
B Q sqljdb 

El iFll waHam-1.3 
1+1 (£) WINDOWS 

i—i r ~i 




zi 


demo.doc 


J Poste de travail 


1 objet(s) (Espace disque disponible : 175 Ko 




And paste the active MATLAB figure with a legend into the document: 


|H| DemoAutomation.doc - Microsoft Word 

H0E3I 

Fichier Edition Affichage Insertion Format Outils Tableau Fenetre ? 

Tapez une question ^ x 

jjiaaLAaidiiAiyaiJt *■* 

T ® I Lecture ^ 

4l Titre 1 • Arial ~ 16 . G I S [S] S 3 3 J= ~ i= := if. i~ 

Ll • *’*A • J 


0 


i ■ 1 ■ i ■ 2 ■ i ■ 3 ■ i ■ 4 ■ i ■ 5 ■ i ■ 6 ■ i ■ 7 ■ i ■ 8 ■ i ■ 9 ■ i -10 ■ i -11 ■ i -12 ■ i -13 ■ i -14- i -15 ■ i J 17 ' 1 ' 1S ' 





ffhis is a title 



2 

-3 


Ceci est untexte 


Page 1 Sec 1 


1/1 A 2.9 cm Li 1 Col 1 ENR REV EXT RFF Francis (Fr 


That's it? 
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Put values into Microsoft Excel 

Another very common application of automation is to retrieve MATLAB results into 
Microsoft Excel. 

Here is a Microsoft Excel Automation example with some of the most typical tasks: 



1 

2 - 

3 - 

4 - 

5 - 

6 - 
7 - 
3 

9 - 
10 - 
11 - 
12 - 

13 - 

14 - 

15 - 

16 - 
17 - 
13 - 

19 - 

20 - 
21 - 
22 - 

23 

24 - 

25 - 

26 

27 - 
23 - 


%We open Microsoft Excel and prepare the Workbook 
acx_excel=actxserver( 1 excel.application 1 ); 
acx_excel.Visible=l; 

xls_Workbook=acx_excel. Workbooks . Add; 
sheets=acx_excel.ActiveWorkBook.Sheets; 
sheets.Item(1).Delete;sheets.Item(2).Delete; 
sheets . Item (1) .rJame= 1 Demo 1 ; 

%We write a matrix inside the reamining sheet + some formatting 
M= [ 1 2 ; 3 4] ; 

xls_ActiveRange=acx_excel.Activesheet.get( 1 Range 1 , 1 A1:E2 1 ); 
xls_ActiveRange.Value=M; 
xls_ActiveRange.F ont.Eold=1; 

xls_ActiveRange.HorizontalAlignment=3;xls_ActiveRange.VerticalAlignment=2; 
xls_ActiveRange.ColumnWidth=20;xls_ActiveRange.RowHeight=30; 
xls_ActiveRange.Font.Color=-16776961; %red font color 
xls_ActiveRange.Interior.Color=-6776961; %gry cell color 
E for k=7:10 

xls_ActiveRange.Borders.Item(k).LineStyle=l; 
xls_ActiveRange.Borders.Item(k).Weight=3; 

end 

acx_excel.Activesheet.Range( 1 A3:E3 1 ) .Merge; 
acx_excel.Activesheet.Range( 1 A3 1 ) .Value= 1 Merge Test 1 ; 

%We read bach the same matrix 

X=xls_ActiveRange.Value; %this creates a cell array 
X=cell2mat(X); 

%we clean and close the stuff 

xls_Workbook.SaveAs[ 1 C:\AutomationExcel.xls 1 ); 
xls Workbook.Close;acx excel.Quit;acx excel.delete; 


This will create a file as you can see: 
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With the following content: 


And because our example has also read the values that very into the Microsoft Excel sheet to 
retrieve them into a MATLAB variable X we have: 
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Command Window I 

A 

A 


X = 


1 

2 

3 

4 

/* » 
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Get values from a Microsoft Excel VBA function 

A lot of people develop Microsoft Excel functions and because of time and budget constraints 
financial engineers can't convert VBA functions to MATLAB script. Then an easy way is to 
call VBA functions from Microsoft Excel. 

Consider the following Excel file named DemoAutomation.xls , with the module 
modMATLABXL and a function inside Demo: 



Now the script to call 


function from MATLAB is the following: 



1 %Gpen a COM server on Matlab 

2 Excel = actxserver( 1 Excel.Application 1 ) ; 

3 

4 Workbook = Exce1.Workbooks.Open( 1 c:\tmp\DemoAutomation.xIs 1 ) ; 

5 

6 x = (@ (x) callDemo(x,Excel) ) ; 

7 

3 a= 3 ; Id = 4; 

9 x = Excel.Run( 1 Demo 1 ,a,to) ; 

10 Excel.Quit; 

If we run this code, we get: 
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m <3 


® 3 - 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


%Open a COM server on Matlab 

Excel = actxserver( 1 Excel.Application 1 ) ; 

Workbook = Excel. Workbooks . Open ( 1 c : \ tmp\ Demo Automat ion. x Is 1 ) ; 


x = (0 (x) callDemo(x,Excel) 
a=3;b=4; 

x=Excel. Run ( 1 Demo 1 , a,I d) ; 
Excel.Quit; 


And in the workspace: 



Workspace 




® 

Name 

Value 

15ize 

I Bytes 

Class 

© Excel 

<1x1 COM.Ex... 

lxl 

0 

COM.Excel... 

Sj Workbook 

<1x1 Interfac... 

lxl 

0 

Interface.... 


3 

lxl 

8 

double 

b 

4 

lxl 

8 

double 



lxl 

8 

double 






4 






i 

.V 


Gotcha! 
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Create a ToolBox (App) 

Doesn't matter if you are a professional MATLAB developer or not, is much more elegant to 
share or sell a complicated MATLAB script as Toolbox (or "App") than as simple multiple 
*.m script files. 

To create a package from your own script you go first then the App ribbons and click on 

Package App: 


APPS 



i 

& 

a 

Get More 

Install 

Package 

Database 

Apps 

App 

App 

Explorer 


FILE 




The following wizard will appear on your screen: 


C:\Untitledl.prj 





Pick main file 


Main file 


Add main function file (program's entry point). 

Add main file 


Files included through analysis 


These are the files found through 
dependency analysis. 


Shared resources and helper files 


Place images, data files, and GUIs (.fig files) Description 

here if referenced by any functions. 


Describe your app 


Select screenshot 


b i n <? a \= 


Author Name 
Summary 


Package into installation file 


Package 


Show contact info 


C:\...\.mlappinstall 


Change output folder 


Also place here: 


I Functions called using eval (and its 
variants) 

I Functions not on the MATLAB path 
I Private functions 

Add files/folders 


Show advanced options 


In the upper left comer of the wizard you can see the following. Click on Add main file: 


Add main function file (program's entry point). 
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Browse for the main file of you script: 


Add Files 


BB 


Regarder dans : MATLAB 


~zl ^ & & mb 



i 1 EiSrall. m 

11 Graph_Point AvecBarresErreurs. m 

* Dnum.m 

* Graph_5ubplots.rm 

* Finance_MeanVariancePortPolio. m 

11 PointsLagrange.m 

* GeneticAlgorithmsGptimization. m 

* SendMail.m 

* Graph_BaseVect.m 

* stats.rm 

* Graph_CouleursLignes.m 

* Graph_Dates.m 

* Graph_DoubleAxeXY.m 

* Graph_DoubleAxeY.m 

* Graph_EchelleLog.m 

* Graph_ExpressionAnalytique.rm 

* Graph_Fenetre.m 

* Graph_Heatrmap.rm 

* Graph_LettresGrecques.rm 

* Graph_MultiplotLegendes.m 



Nom du fichier: 


BScall.rm 




□ uvrir 


Fichiers de type: | Executable MATLAB Files [".m;".p;MEX) Annuler 


Once this is done you can ask MATLAB to include automatically dependent script files to the 
main one by clicking on Refresh: 


Package App 



Files included through analysis 


These are the tiles Pound through 
dependency analysis. 


^Refresh] 
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In this case we don't have any dependent files then nothing will appear. 

In the third area MATLAB ask you if you have or not any images, data files or GUIs that you 
would like to associate with you Toolbox: 



Main file 


Remove main file 


These are the files found through 
dependency analysis. 

Refresh 


Shared resources and helper files 


Place images, data files, and GUIs (.fig files) 
here if referenced by any function 




Also place here: 


Functions called using eval (and its 
variants) 

Functions not on the MATLAB path 
Private functions 



| Add files/folders | 


Once the first step finish if you click now on the 
red rectangle: 


small icon visible below and rounded by a 


■* J Package App 


Pick main file 



Describe your app 


Remove main file 


Refresh 


Files included through analysis 


These are the files found through 
dependency analysis. 


Shared resources and helper fil 


Place images, data files, and GUIs (.fig files) 
here if referenced by any functions. 

Also place here: 

* Functions called using eval (and its 
variants) 

m Functions not on the MATLAB path 
m Private functions 

Add files/folders 


App Name 


Select screenshot 


B / M <P = IE 


Description 


„ 


Author Name 


Show contact info 


Summary 


Show advanced options 
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MATLAB ask you which icon you want to use for your application (you can't create your 
own icon with the wizard): 


Package App 


C:\Untitled2.prj 



* x \ B5call.m 


Remove main Pile 


These are the Piles Pound through 
dependency analysis. 


RePresh 


^ Dp 

^rrihp \ 

/m ir Finn 


LJ 

E-3 

m 

B i 


i 

m 

ra i 

s 

m 


m i 

m 


V 


W F M := 


After this you type a title for your App (Toolbox), write some information 
App (Toolbox) and also select a screenshot as preview example: 


Pick main 


9 


Describe your app 


> 


r 

ms about 


you and you 


f x BScall.n 


Black-Scholes Call Option Evaluation 


Remove main file 


Vincent ISOZ 


Files included through analysis 


These are the Files Found through 
dependency analysis. 


Shared resources and helper files 


isoz@sciences.ch 


Refresh 


Select screenshot 


Sciences.ch 


If we click on 


Select screensho 


|Hide contact info 


Simple BS Call Option Evaluation 


f, we get: 

Regarder dans : | ^ Mes ir 


~z\ c= is ef 0- 


Mes documents 
recents 



Echantillons d'images 


* 


Nom du fichier: jbs.jpg 

Fichiers de type: | Image files 


▼ | j^^Ouvri^^ 

▼ | Annuler | 
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Once the image selected you get: 


Pick main fil 




Describe your app 


fc 1 ) BScall.n 


Remove main file 


Refresh 


Files included through analysis 


These are the files found through 
dependency analysis. 


Shared resources and helper files 


Place imageSj data files, and GUIs (.fig files) 
here if referenced by any functions. 

Also place here: 

9 Functions called using eval (and its 
variants) 

* Functions not on the MATLAB path 
9 Private functions 


Black-Scholes Call Option Evaluation 



b i m 


Vincent I50Z 


isoz@sciences.ch 


Sciences, ch 


Hide contact info 


Simple BS Call Option Evaluation 


This is a simple demo of <b>BS Calk/b> option Evaluation 
<a href= MM >http://mw.sciences.ch</a> 


Add files/folders 


1.0 


If you click on Show advanced options you get: 





1.0 


Products needed 


Statistics Toolbox 
MATLAB 


Supported platforms 


All 


To finish, we click on the button Package: 


Hide advanced options 


C:\Black-Scholes Call Option Evaluation.prj 


Pick main file 


BScall.n 


a 


Describe your app 


Remove main file 


Files included through analysis 


These are the files found through 
dependency analysis. 


Shared resources and helper files 


Place images, data files, and GUIs (.fig files) 
here if referenced by any functions. 


Black-Scholes Call Option Evaluation 


i Remove screenshot 



Vincent ISOZ 
isoz@sciences.ch 
Sciences, ch 




Package into installation file 


| App author | 


Hide contact info 

Simple BS Call Option Evaluation 


B I M d> B IE 


Package 


C:\...\Black-5choles Call Option Evaluatio... 

Change output folder 
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Then the builder opens: 



This will create an App in the current workpath folder: 


ftr Mes documents 


Fichier Edition Affichage 




Precedents 


J T 


Adresse G Mes documents 


Dossiers 


Mes documents 


Bureau 

G| _ 

1+ O Downloads 
Ma musique 


(£) MATLAB 
Mes images 
S 0 Mes videos 
S Q Mon bloc-notes 
S £j) My SAS Files 
+ J Poste de travail 
B Favoris reseau 
Corbeille 


Favoris Outils ? 


0 


/ 


Rechercher 


Dossiers 


x*> m- 


D P r 3 

My SAS Files Mon bloc-notes Mes videos 


D 

Downloads 


K 



Black-Scholes 
Call Option E... 


Ma musique 



Mes images 
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Install/Uninstall a Toolbox 

Now once you know how to create an App (Toolbox) you must also know how to install a 
new App: 


HOME 


PLOTS 

APPS 



& 

y t 

Get More 
Apps 

Install 

App 

Package 

App 

Database Curv 

Explorer 


FILE 




You have to browse where you *.mlappinstall file resides: 

Regarder dans: \n Mes documents 


'Cx 


? X 


v] e ey 


Mes documents 
recents 


r 3 ! Downloads 
G^Ma musique 

£jmatlab 

ir'lMes images 
3 Mes videos 
£3 Mon bloc-notes 
£|My 5A5 Files 


Black-5choles Call Option Evaluation.mlappinstall 


Mes documents 


Poste de travail 

Favoris reseau 






N om du fichier: B lack-S choles Call 0 ption E valuation, mlappinst □ uvrir 


Fichiers de type : |MATLAE! App Installer ( K . mlappinstall) Annuler 


Once you select the app the following screen appears: 


^ Install 


| X I 




0 


APRS 


Install into My Apps? 


install 11 


Cancel 
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Once the installation finished, you get: 


HOME PLOTS SHORTCUTS 



Or an alternative to install is to make a right click on the package and select Install: 


| ^ Mes documents | 

Fichier Edition Affichage 

Favoris Outils ? 



Precedente t ^ 

Rechercher 

/ 

l{ Dossiers 

i 



Adresse 


S3 Mes documents 


Dossiers 
Bureau 

□ Q 

El 

irS Mes images 
+ 0 Mes videos 
EE (£) Mon bloc-notes 
E My 5A5 Files 
EE j Poste de travail 
mkj Favoris reseau 
^ Corbeille 
3 & Divers 


Mes documents 
(5) Downloads 
Ma musique 
Qi MATLAB 


.Pi 


7-Zl^ 

Ouvrir avec... 


Envoyer vers 




[vie Couper 
Copier 

Creer un raccourci 

Bupprimer 

Renommer 


Proprietes 
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If you want to change the installation folder you just have to go trough the Preferences of the 
software: 



And this is how the installation folder looks like: 


ftr uropeanCallBSPricing 




Fichier Edition Affichage 

Favoris Outils ? 



^5) Precedente t J 

ijy Rechercher 

^ Dossiers ^ ^ 


Adresse |(£j C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\Apps\EuropeanCallB5Pricing 


Dossiers 
[1|f Bureau 

Bfi Mes documents 
H- £) Downloads 
| j -^i Ma musique 
□ (£j MATLAB 
E O Apps 

+ £? EuropeanCallBBPricing 
ir4 Mes images 
+ 0 Mes videos 
+ (£j My 5A5 Files 


[ J metadata 

EuropeanCallBBPricing App. m 
MATLAB Code 
3 Ko 




European Call B5 
pricing. mlappinstall 
MATLAB App Installer 



script_bsCall.m 
MATLAB Code 
1 Ko 
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Uninstall a Toolbox is quite easy: 


m 


m m 

Image 

Instrument 

SimBiology MATLAE 

Acquisition 

Control 



MV APP5 



Europear Add to Favorites 

BS pric Add to Quick Access Toolbar 
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Publish a script (documented script) 


Once you have finished to write a script, an obligation in some industrials fields is to create a 
documentation of your script. There are some interesting options in the register PUBLISH for 
this purpose: 


EDITOR 

PUBLISH 

VIEW 



un 


Save Section Section 


JjBold 

Mc 


Hyperlink 
2 Inline LaTeX 


+— Bulleted List 


Preformatted Text 


Numbered List zr Code 


Publish 


with Title M Monospaced Q Image ^ Display LaTeX 

FILE INSERT SECTION INSERT INLINE MARKUP INSERT BLOCK MARKUP PUBLISH 


To publish the file you click on the button Publish and I strongly recommend you to edit some 
properties first: 


Jst |3H Preformatted Text 
d List £“j Code 

S! Display LaTeX 
:ERT BLOCK MARKUP 
ink> 



One important function is the Evaluate code property because if you let this option on true 
(default value) then the whole script will be run each time you publish your code: 
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Then I strongly recommend first to change this property to false. 

After as example considers the following script (see that there is a link and also a LaTex 
equation!): 




1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


%% SECTION TITLE 

% DESCRIPTIVE TEXT 
% Ceci est un texte en *gras* 

% 

% Example: 

% 

% Type publish_script (X) to get... 
% See also: HEAN 


% Pour plus d 1 infos voir: |<http ://urn.alphorm.com ALPHORH>l 


function [mu,sigma] = publish script(X) 


Fonction d 1 exemple simpliste 

% Calcule moyenne arith. et ecart-type 


% * 


Calcule la moyenne arithmetique 
Calcule l 1 ecart-type 


% Rappel de la formule de la moyenne arithmetique 


% $$\mu= \frac{1}{n} \sum x i$$ 


% nous utiliserons la fonction HEAN native de HATLAB 


%% section moyenne arithmetiqiie 

% classique... 


28 

- 

29 


30 


31 


32 

- 

33 

- 

34 

- 

35 

- 

36 

- 

37 


38 


39 

- 


mu=mean(X) ; 


%% section ecart-type 
i %_clas£icjue_aus£i >; _ ; _ ; __ 


if nargout==2 

[nobs,nc]=sise(X) ; 
if nobs== 1, nobs=nc; end 
sigma=sqrt(sum(X. A 2)/nobs-mu. A 2) . 

end 


%% exemple d 1 insertion d'un cjiaphitjue 

% <<peaks.jpg>> 


Now if we Publish th( :ode 
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The result will look like following: 



Contents 

■ SECTION TITLE 

■ Fonction d'exemple simpliste 

■ section moyenne arithmetique 

■ section ecart-type 

■ example d'insertion d'un graphique 

SECTION TITLE 

DESCRIPTIVE TEXT Ceci est un texte en gras 
Example: 

Type pubIish_script(X> to get... See also: MEAN 
Pour plus d'infos voir: ALPHORM 

function [mu,sigma]= publish_script(X) 


Fonction d'exemple simpliste 

Calcule moyenne arith. et ecart-type 


■ Calcule la moyenne arithmetique 

■ Calcule I'ecart-type 

Rappel de la formula de la moyenne arithmetique 





nous utiliserons la fonction MEAN native de MATLAB 



section moyenne arithmetique 

classique... 


mu=mean(X) ; 


section ecart-type 

classique aussi... 


if nargout==2 

[nobs,nc]=size(X); 
if nobs==1, nobs=nc; end 
sigma=sqi:t(sum(X. A 2) /nobs-mu. A 2) ; 

end 
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exemple d'insertion d'un graphique 


Peaks 



3 





end 
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If we change the output option to a PDF: 



We get a very clean result with a table of content and clickable links: 



MATLAB 


632/1357 
































































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


And if we change the output to *.doc: 


1 _ Output settings 


* Output file format 

pdf 


• Output folder 

html 


X5L file 

xml 


1—1 Finnt i P cphhinnc 

latex 


i—i riyurc sciuiiys 

doc 


Figure capture method 

ppt 


Image Format 

pdf 

___ _ 

Use new figure 

true 



we also get a very clean output with a real table of contents, styles, 

m 


clickable lin 


publish_script.doc - Microsoft Word 


Fichier Edition Affichage Insertion Format Outils Tableau Fenetre l 


inks, etc.: 


Tapez une question 


mmu 



Page 2 5ec 1 


2/2 


A 15.3 cm Li 4 Col 13 ENR REV EXT RFP Francis (Fr [JO 

Caution!!! If you choose to run the code in the Publish feature property, you will see only the 
charts at the end of the publication that were still open after the execution finished (you won't 
see closed charts!). 
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Check Readiness 

Check readiness is very important in practice for big applications. Mathworks has developed a 
tool to check code readiness and that gives a score back. 

Consider the following script we used just before: 


■: | publish script.m x 

1 

%% SECTION TITLE T 

□ 

2 

% DESCRIPTIVE TEXT 


3 

% Ceci est un texte en *gras* 


4 

% 


5 

% Example: 


6 

% 


7 

% Type publish script(X) to get... 


8 

% See also: MEAN 


10 

% Pour plus d 1 infos voir: <http://ww.alphorm.com ALPH0RM> 


12 

1] function [mu, sigma] = publish script (X) 


13 


Fonction tl'exemple simpliste 


14 


% Calcule moyenne arith. et ecart-type 


IS 


%% 


16 


% * Calcule la moyenne arithmetique 


17 


% * Calcule 1 1 ecart-type 


18 


% 


19 


% Rappel de la formule de la moyenne arithmetique 


20 


% 


21 


%% 


22 


% $$\mu= \frac{1}{n> \sum x_i$$ 


23 


% 


24 


-% nous utiliserons la fonction MEAN native de MATLAB 


25 




26 


%% section moyenne arithmetique 


27 


% classique... 


28 - 


mu=mean (X) ;| 


29 




30 


%% section ecart-type 


31 


% classique aussi... 


32 - 


if nargout==2 


33 - 


[nobs,nc]=size(X); 


34 - 


if nobs==l, nobs=nc; end 


35 - 


sigma=sqrt(sum(X. A 2)/nobs-mu. A 2); 


36 - 


end 11 


37 


%% exemple d 1 insertion d'un graphique 

38 


% «peaks.jpg» [vli. 


publish script | Ln 28 Col 16 


To check its readiness we just use the function coder.screener(): 



If the code is not so good we get: 
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Command Window 

» coder . screener (' mvc_deino 1 ) 

/* » 
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Optimization tricks 

In advanced finance (hyperfrequency trading) and spatial applications, the performance of a 
script a major factor (with the robustness...). 

The purpose of this small chapter is to show you some simple optimization tricks. 

Statistically check code efficiency 

When you test the efficiency of a script you must not run it just one time, but thousands of 
times to get a statistical distribution of running time. 

Here is such an example with the famous example (in cryptography) of the factor() function: 



G§ <a> B 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


R for 1=1:1:100000 


timerval ( i) =toc; 

L end 

mean(timerval) 
median(timerval) 


x=min (timerval) : 0.0001 :^tiax (timerval) ; 
n=hist (t.imerval, x) ; 
bar (x, n) ; 


clear all;close all;pack;clc 


timerval= [] 

% loop for the histogram of distribution time execution 
n=1000; 


tic ; 
k=[] ; 

%loop for the code ue want to test 
factor(1000); 


The result will looks like following: 
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linspace vs sequence 

A lot of people use the linspace() function to create sequence of values but in the facts this 
function is a little bit slow as you can see below: 



1 clear all;close al1 ;pack;clc 

2 

3 tic 

4 t=linspace(0,2 *pi,10); 

5 toe 

6 

7 %this second version is statistically faster 

8 clear all;close all;pack; 

9 

10 tic 

11 t=0 : [2 *pi) / (10-1) :2*pi; 

12 toe 

The running time differences gives: 


Command Window 





Elapsed time is 0.017851 seconds. 
Elapsed time is 0.000045 seconds. 

f* » I 
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Simple arithmetic operation vs bsxfun 

Another difficulty trick to know is to use the broadcasting bsxfun() instead of simple 
arithmetic operation (and some others) in MATLAB. 

To understand the subject first see and read the following example: 


Command Window 


© 

>> a=uancl (3,3 ) 



a = 



0.7011 0.5478 

0.4418 


0.4847 0.8017 

0.0320 


0.1305 0.6626 

0.4883 


>> b=l:3;b=b 1 ;repmat(b. 

1,3) 


ans = 



111 



2 2 2 



3 3 3 



>> uepmat (b, 1,3 ) +a %but 

this is slow 


ans = 



1.7011 1.5478 

1.4418 


2.4847 2.8017 

2.0320 


3.1305 3.6626 

3.4883 


h » I 




But this is much faster: 


Command Window 

® 


» bsxfun (@plus, a,I d) %@plus = 

ans = 


1.7011 

1.5478 1.4418 


2.4847 

2.8017 2.0320 


3.1305 

3.6626 3.4883 

h 

»l 
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Let us now compare the performance between a classic addition and a sum using bsxfun: 


The result will be: 


EDITOR 

PUBLISH 

VIEW 

IS lo 

J J ■ 

^ B CD 


1 clear all; clc;pack 

2 - a=rand(3,3); 

3 - b=l: 3 ;b=b 1 ; 

4 

5 - tic 

6 - repmat(b,1,3)+a 

7 - toe 

3 

9 - tic 

10 - bsxfun(@plus,a,b) 

11 - t oc| 




Command Window 


© 


ans = 



1.0S01 
2.9145 
3.4323 


1.2752 
2.5372 
3.9322 


1.7403 
2.7437 
3.4490 


Elapsed time is 0.024476 seconds. 


1.0301 
2.9145 
3.4323 


1.2752 
2.5372 
3.9322 


1.7403 
2.7437 
3.4490 


Elapsed time is 0.003339 seconds. 

fx » 



The most used operators of bsxfun are @plus, @minus, @times, @power, @max, @min. 
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Create userforms (GUI) 

Like coding (doesn't matter which language) non-mathematical stuff is very boring in my 
point of view, create GUI is also a much more boring job that could better be given to a 
student or a designer rather than a senior scientist having a PhD or a Master or even an 
undergraduate level. 


GUI have a lot of possibilities like in almost all scripting/programming languages this is why 
this section/chapter about GUI will be written very slowly and perhaps never completed. 
Hope you understand what I mean... 


Create userforms using GUIDE 


Create GUI in MATLAB is a huge subject! There a 300 hundred pages book only about this 
tool! The purpose of this PDF will not be to make you a professional of GUI creation but just 
to give you an idea of how it works. 


First thing to know is how to start the guide builder by typing guide in thi 
Window: 



Command 


e Lc 


Command Window © 

>> guide 

h » 



When you save you get two files: 



untitled, fig untitled.m 
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When MATLAB is closed and you double click on the first (*.fig) you simply get MATLAB 
that open with the GUI: 


* MATLAB R2013a 






HOME PLOTS 

APRS 

SHOR 

TOUTS 

Hi 

V 


.... 


.u P ► C: ► 


Command Window 

A » 


HHE3I 


p 


Ready 


If you double click on the *.m file you get (this is only a part of the screenshot): 


P C:\untitled.m 

EDITOR PUBLISH 

VIEW 

IS B - - B © a 

- 2 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


□ function varargout = untitled(varargin) 

□ % UNTITLED MATLAB code for untitled, fig 

% UNTITLED, toy itself, creates a new UNTITLED or raises the existing 

% singleton*. 

% 

% H = UNTITLED returns the handle to a new UNTITLED or the handle to 

% the existing singleton*. 

% 

% UNTITLED( 1 CALLBACK 1 ,hObject,eventData,handles, ...) calls the local 

% function named CALLBACK in UNTITLED.M with the given input arguments. 

% 

% UNTITLED( 1 Property 1 , 1 Value 1 ,...) creates a new UNTITLED or raises the 

% existing singleton*. Starting from the left, property value pairs are 

% applied to the GUI before untitled_OpeningFcn gets called. An 

% unrecognized property name or invalid value makes property application 

% stop. All inputs are passed to untitled_OpeningFcn via varargin. 

% 

% *See GUI Options on GUIDE'S Tools menu. Choose "GUI allows only one 

% instance to run (singleton)". 

% 

% See also: GUIDE, GUIDATA, GUIHANDLES 

% Edit the above text to modify the response to help untitled 
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You can't run this file! If you remove the *.m file the GUI stills work because it is empty! But 
in reality never delete the *.m file associated to the figure because it will be used for 
callbacks! 

Also don't forget to make Error Management!!! 

And we specify the figure file name in the field Save figure as and once validated, we get: 


rf untitled.fig 


File Edit View Layout Tools Help 


HIsTO 


h j & 




$ if & i a ^ > 


pr 

nn 

BOB 

® 


Nr 

THT 

G 13 

EH 

[™] 

M 

fci 

ffij 

a 





















































































1 
















■ 


> 



Tag: figure 1 


Current Point: [298, 62] Position: [520, 380, 560, 420] 


Another way to create a new GUI is to use the mouse: 
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'J 


New 

Script 


New 


IS . 


£ 


Open jrtL Compare Impor 
^ Data 

Script Ctrl+N 


Function 


Example 


Class 







System Object 
Figure 



Graphical User Interface 

N 

0 

Command Shortcut 

SIMULINK 

s 

1 Simulink Model 

□ 

Stateflow Chart 

a 

Simulink Project 



\ X. r 

You can resize the userform by clicking on the lower-right corner and resize it. 

Now to change the size and initial position with precision of a userform you can click on the 
userform Inspector button: 


1 ^ untitled.fig 

File Edit View Layout Tools 

Help 








i i 

S*] ^ 

i 

19 

* 

I 


Then by scrolling down in the small window that will appear you will have the possibility to 
choose the measurement Units and also the Position properties: 
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igjf untitled.fig 


File Edit View Layout Tools Help 


mmm 






K 


foin 

— 

® 

0 

w 

THT 

(E 3 

m 

HI 

EH 

u 

fij 

T I 

we 


$ I? eli II * t> 


Inspector: figure (Untitled) 


is a 


r^ixibj 


pun iter -.I idpenuLiipuL 

m Lixi uuuuie arrayj 

zr 


- 

Position 

[520 381 560 419] 



X 

520.0 

# 



y 

381.0 

# 



width 

560.0 

J 



height 

419.0 

& 



Renderer 

None 

- 



RendererMode 

auto 

- 



Resize 

off 

- 



ResizeFcn 

<4 

& 



SelectionHighlight 

on 

- 



SelectionType 

normal 

- 



Tag 

figurel 

& 



ToolBar 

auto 

- 



UIContextMenu 

<None> 

- 


1 

Units 

pixels 

- 



UserData 

inches 

T 



Tag: figure 1 


centimeters 

normalized 

points 


Current Point character^ 




^ 19 ] 


To rename the GUI: 



Inspector: figure (MyFigure) 




m a 



t: 


11IV Cl u rar ULUP 

TJ] | 

' *1 

KeyPressFcn 

<4 

„_l 

KeyReleaseFcn 

4\ 

M | 

MenuEiar 

none 


Name 

MyFigure 

4| 

NextPlot 

add 


NumberTitle 

off 

h 

T 

PaperOrientation 

portrait 1 


+ PaperPosition 

[0.25 2.5 8 6] 

PaperPositionMode 

manual 

T 

+ Paper5ize 

[20,934 29.677] 
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To make the GUI modal (so that the user cannot activate another window behind): 
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To align objects: 


untitled.Fig 


File Edit View Layout Tools Help 


mmw. 


Qdu 4 a. -o C 




HE3B 


0 

[edF 

TKT 

E 13 

IH 

IroH 

m 

fc! 

m 

FI 



K & ^ El ^ 9 £ > 










■ Edit Text 



: 1: 


■ Edit Text 



1 



• Edit Text 



























* Align Objects 


HUES 


Vertical u 





Align 

la 

qr 

BBS 

□Dp 

Distribute 


S3 

□ □ 

w 


I - 5et spacing 

|20 

pixels 



Horizontal 

Align 

Distribute 


F 

□ 

1=1 

In 

§ 

□1 

□ 

□1 

□ □ 

□ □ 

□ □ 
W 

□ □ 
w 


r bet spacing [20 


pixels 







OK 

Cancel 


Apply 







Tag: 3 components selected 


Current Point: [142, 418] Position: [76, Multi, 74, 20] 


To choose tab order: 


if? untitled.fig 


W r 


► 


IWmIE? 


File Edit View Layout Tools Help 


| ft * ffi -7 C- | 


& | 

mm**\ 




pr 


no 

HEZB 

® 

0 


TKT 

\H3 

III 

[tcTI 

y 1 

jei 

Si 

in 



I Edit Text 


| Edit Text 
I Edit Text 


* Tab Order Editor 


EH 




ED I T uicontrol (edit 1 "Edit Text") 
Mt uicontrol (edit4 "Edit Text") 
Mt uicontrol (edits "Edit Text") 
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Change the legend name of a button: 



Change the technical name of the button (name also used for the event code) respecting 
Leszinky-Reddick nomenclature if possible: 
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If you want to create toolbars on you figure this is easy. Just click on the Toolbar Editor 
Button: 



And just drag and drop to buttons you want in the toolbar: 



As you can see, it works well: 
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Edit existing GUI 
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Manage static texts (legends) 

THT I 

> \ 


Add Static Texts I components is very easy you just need to draw them like on any 
Microsoft Office software. To quickly align them you can use the Grid and Rulers options: 


l^untitled.fig 


File Edit View Layout Tools Help 


& 


pr 


[HD 

HOB 

® 

0 

EDIT 

THT 

G 13 

H 

ItcTI 

Ldl 

B 

\3i 

h 

:3f 



* 


Run 


Ctrl+T [I 


Align Objects. 


Grid and Rulers. 


Menu EUjtor... 
Tab Order Editor. 
Toolbar Editor... 


GUI Options... 


Figure Property Editor. 



So you get: 


1 vti untitled.fig 

File Edit View Layout Tools 

Help 




H j & y 



■S* K i 

ijs] 1^ 



F" 


< 


ru 

HEnH 

® 

0 

w 

THT 

Gl3 

m 

EE 

ei 

lei 

T 

Li] 

Q 

m 


1 Grid and Rulercs 

mism 

Show rulers 

IP 5how guides 

P 5how grid 


Grid Size (in Pixels): 

P Snap to grid 

I 50 zi 

OK 

Cancel 

1 1 1 

■ 


Activate Show rulers and the final result will be: 
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rir untitled.fig 


File Edit View Layout Tools Help 


:fl 3 £3 




4 I 









0 

|eMt 

TKT 


m 

■ 

na 

& 

Si 

\ T 1 







































By dragging the rulers you can crate guides that will greatly help you to align objects 
proactively. 


Hand Edit Text 3. 

First we change the background color with the property BackgroundColor: 


I 1,1 1 I EL 1 1 I ■ 

Once you have added some Static Text I_I and Edit Text i components, let us have a 

look now to the most used properties. 


monGUI.fig 


File Edit View Layout Tools Help 


D £3 id it 


4 6? & ^ 1) @5 *£ 
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Edit Text 
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BeingDeleted 

off 

BusyAction 

queue 

ButtonDownFcn 
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Clipping 

on 
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DeleteFcn 
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More Colors... 


OK 


Cancel 
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W I 


Another important stuff for Edit Text I components is to define Tabulation order: 


File Edit View Layout Tools Help 
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So you get: 




Tab Order Editor 
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W uicontrol (editl "Edit Text") 


uicontrol (edit2 "Edit Text") 


1 t^ji 1 untitled.fig 

File Edit View Layout Tools 

Help 
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You can also change classical font properties but you have to see that you cannot mix in the 
same Static Text component different text styles: 
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|m] [m 

& fip 

01 VC 


Staftic Text 


Support: help@n 



As always, we change the component Tag pr< 
nomenclature: 


:rty respecting Leszinky-Reddick 


Staftic Text 


Support: help(g 
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Now we go in the script editor associate to the GUI and the OpeningFcn event (callback) we 
add the following: 


monGUI.m x 
- 


47 


48 


49 


54 


55 


56 

- 

57 


58 


59 

- 

60 


61 

- 


1 


% - Ex ecutes just before monGUI is made visible. 

f unct ion^onGU^^pen^gFcnJhOb ject, event data, handles, varargin) 


n % This function has no output args, see GutputFcn. 


% Choose default command line output for monGUI 
handles.output = hObject; 


% Update handles structure 
guidata(hObject, handles); 


set(handles.lbl_Date, 'String' ,cellstr(datestr(date, 'vyyy-mm-dd' ))); 



Once this done, we you or ur user open the GUI they gi 
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Manage buttons and associate a callback 

Adding a button on a GUI is very easy. In fact what interest us is to associate a callback to it. 
First rename as always the button Tag property following Leszinky-Reddick nomenclature: 


1 riV monGUI.fig 

File Edit View Layout Tools 

Help 
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Inspector: uicontrol (btn.Calculate "Push Button") 
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■ Push Button i 


Max 
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+ Position 
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5electionHighlight 

on 


• 
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[0.010.1] j 

String 

iE Push Button 
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■■ 


|Tag 

btn_Calculate 



TooltipString 


- Jl 

UIContextMenu 

<None> 



1 li-.it/- 
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Change also the string in the button to be more explicit...: 
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; Inspector: uicontrol (btn.Calculate "Calculate!") 
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And after we change its associated Callback (event) property: 


Static Text 


Static Text 


i fi 


t: 


■ Calculate! ■ 


ButtonDownFcn 

CData 

Clipping 
CreateFcn 



[0x0 double array] 

%automatic 

on 


And we add and simple multiplication where we read the value from 
(< editl ) and we write the result in the second one ( edit2 ): 


148 

149 

150 

151 

152 

153 

154 

155 - 
IS* - 


rom the first' 


Edit field 


X 


k - Executes on button press in btn_Calculate. 

. f unc 1i o n bt n _ Ca1c u1 at e_ C a I lb ac k (hQbj e c t x eve ntdat a # hand 1 e 3) 

Ip* hObject handle to btn_Calculace (see GCBG) 

k eventdata reserved - to be defined in a future version of NATLAB 
-k handles structure with handles and user data (see GUIDATA) 


sng_Value=str2double(get(handles.edit1, 1 String* )) *2; 

set(handles.edit2, 1 String 1 ,sng Value); 


So the results will looks like: 



monGUI.fig 


File Edit Vic. 
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Create axes area for figures, images, 

You have for this subject to consider two scenarios. The first is that you only have one unique 
axes object on your userform like here: 


1 untitled.fic 
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Fild^ Edit View Layout Tools Help 
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* if & ^ mm ^ t> 
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£ Editor - C: \unti 

itled.m 



EDITOR 

PUBLISH 

VIEW 


A 


O a 


UJ Find Files 
lj Compare ▼ 


New Open Save 
t -w t Print 


FILE 


Insert Ij], jx g] 
Comment % 

Indent _ e z r _ 
EDIT 


<=> 5* 

c[>|| Go To ▼ 

Find » t 

NAVIGATE BREAKPOINTS 


Breakpoints 


[> d*fc 

Run Run and 
^ Time 


untitled.m 


47 


48 


49 


54 


55 


56 

- 

57 


58 


59 

- 

60 


61 

- 


% - Executes just before untitled is made visible. 

function untitled OpeningFcn (hObject, eventdata, handles, varargin) 


% This function has no output args, see OutputFcn. ^ ■ ■ ■ % 


% Choose default command line output for untitled 
handles.output = hObject; 

% Update handles structure 
guidata(hObject, handles); 




When there are more than one axes area it is not much more difficult. Consider first the 
following situation where we change the Tag property of the two axes components: 


I monGUI.fi( 
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We just change the script as following: 


■! monGUI.m 


48 

49 

54 

55 

56 


57 

58 

59 


60 

- 

61 

- 

62 

- 

63 

- 

64 



function monGUI GpeningFcn(hGbject, eventdata, handles, varargin) 


3 


3 % This function has no output args, see QutputFcn. h ■ ■ ■ % 


% Choose default command line output for monGUI 
handles.output = hObject; 

% Update handles structure 
guidata(hObject, handles); 
axes(handles.imgLogo); 
imshou( 1 matlab - jpg' ) ; 
axes(handles.pltArea) ; 
peaks; 


And we get: 
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The use of axes seems also the only way actually to write LaTeX on a GUI. First add an axes 
component where you want and resize it and change its Tag property (here we choosed 
ltx_Equation ): 


^ monGUI.fig 

File Edit View Layout Tools 

Help 





& £ 


c* 

1? 1 


Q @5 •£ 




One this is done, the idea in this particular example will be to write a LaTeX text once the 
GUI is opened. For this purpose we go in the script editor associated to the GUI and we write 
in the OpeningFcn event (callback) the following: 

jj:| monGUI.m 


47 

% - Executes just before monGUI is made visible. 


48 


function monGUl|_OpeningFcn|( hObject, eventdata, handles. 

49 

N 

D% This function has no output args, see OutputFcn. 


54 




55 


% Choose default command line output for monGUI 


56 - 


handles.output = hObject; 


57 




58 


% Update handles structure 


59 - 


guidata(hObject, handles); 


60 




61 - 


axes(handles.ltx Equation); 


62 - 


axis off; 


63 - 


text (0,0 .5, 1 I can display S\piS ',' interpreter ',' latex' , 

64 


1 horiz 1 , 1 left 1 , 'vert' , 'middle' ) 
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Once this is done, when we or the user opens the GUI, we get: 
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Manage check-boxes and associate a callback 

I 0 I 

We will see the idea of using Checkboxes I I by a very simple case. First add such a 
component: 


mon_GUI.fig 


File Edit View Layout Tools Help 
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We change the classic stuff: 



pltChart 


lmon_GUI.fig 


Inspector: uicontrol (chk_Grid "A... HEIES 


File Edit View Layout Tools Help 
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UIContextMenu 


<None> 
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Now we go to the Callback of the checkbox: 


ri? mon_GUI.fig 


File Edit View Layout Tools Help 
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Paste 
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Duplicate 

Ctrl+D 
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Ctrl+F 

Send to Back 

Ctrl+B 
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Support: help(a KeyPressFcn 


And so we write: 




mon_GUI.m 

X 





156 - 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 - 

167 - 

168 - 

169 - 

170 - 

171 - 

172 - 

173 - 
fit' 


set(handles.edit2, 1 String 1 ,sng Value) ; 


% - Executes on button press in chk_Grid. 

3 function chk_G£id^ (hObject, ev^ntdata^ handles) 

EH hObject handle to chk_Grid (see GCBO) 

% eventdata reserved - to be defined in a future version of HATLAB 
% handles structure with handles and user data (see GUIDATA) 

% Hint: get(hObject, 1 Value 1 ) returns toggle state of chk Grid 


chk_Grid_Status=get(hObject, 'Value' ); 
if chk_Grid_Status==l 

axes(handles.pitChart); 
grid on; 

else 

axes(handles.pitChart); 
grid off; 

end _ 
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And now if we execute the GUI we get: 



And with the checkbox activated: 
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Manage radio buttons group 




Another famous type or components are Radio buttons [ . A good practice before 

its I 

inserting them is to add a Buttons group_ tA before. So add this one first: 


1 mon_GUI.fig 

File Edit View Layout Tools Help 
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Change its BackgroundColor, Title and Tag properties: 


gjr monGUI.fig 


File Edit View Layout Tools Help 
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Once this is done add for exa 
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And also change their BackgroundColor, Title and Tag properties: 




The first thing you can already see if you execute the GUI is that you can't activate all radio 
buttons at the same time because of the Button group area: 
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Now we will associate a Callback to the radiobuttons. Here we show only for the first one 
because the ideas are exactly the same for the others: 


1 tfcjV mon_GUI.fig 
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ij? mon_GUI.fig 


File Edit View Layout Tools Help 
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And we write: 


mon 

Tra¬ 

ils 

176 

177 

178 

179 

180 
181 
182 

183 

184 ■ 

185 ■ 

186 ■ 

187 ■ 

188 ■ 

189 ■ 

190 ■ 

191 ■ 

192 ■ 

193 


GUI.m 


%- Executes^jjhei^s^lecteE^obj^c^^is^changed in grp_Currency. 

functi□ n | hQbj ect, eventdata, handles) 

% hObject handle to the selected object in grp_Currency 
% eventdata structure with the following fields [see UIEUTTONGROUP) 

% EventName: string 1 SelectionChanged 1 [read only) 

% GldValue: handle of the previously selected object or empty if none was selected 

% NewValue: handle of the currently selected object 

% handles structure with handles and user data [see GUIDATA) 


switch get[eventdata.NewValue, ' Tag 1 ) % Get Tag of selected object, 
case 1 opt_CHF' 

sng_Value=str2double(get[handles.edit1, 1 String 1 ) ) *1.2; 
case 1 opt_EUR' 

sng_Value=str2double(get[handles.edit1, 'String' ))*1.3; 
case 'opt_USD' 

sng_Value=str2double(get[handles.edit1, 'String 1 ) ) *1; 

end 

set(handles.edit2 , 'String' ,sng Value); 


and so we get the expected result: 
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Manage pop-up menu and get selected value 


We want to choose in a static combo-box a selection of charts. For this purpose add pop-up 


menu 


control in the GUI: 


rfr monGUI.fig 


File Edit View Layout Tools Help 

q e a | jt ^ i 


4 M 







bob 

® 

0 

[F7 

TKT 

(E3 

m 

l™i| 

a 

U 

f T 

11 




Open its properties and change the String and Tag properties: 
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Once done, open its Callback: 


rtf mon_GUI.fig 


File Edit View Layout Tools Help 
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and add the following code: 


| mon GUI.m 


194 

195 

196 

197 

198 

199 

200 
201 
202 

203 - 

204 - 

205 - 

206 - 

207 - 

208 - 

209 - 

210 - 
211 - 
212 - 

213 - 

214 - 

215 - 


% - Exe cutes on selection change in lst_Chart. 

functi□n |l st^Chart^Ca11back [ hObject, eventdata, handles) 

% hObject handle to lst_Chart (see GCBO) 

% eventdata reserved - to be defined in a future version of MATLAB 
% handles structure with handles and user data (see GUIDATA) | 

% Hints: contents = cellstr(get(hObject, 1 String 1 )) returns lst_Chart contents as cell array 
% contents!get(hObject, 1 Value 1 )} returns selected item from 1st Chart 


val = get(hObject, 1 Value 1 ); 
str = get(hObject, 1 String 1 ) ; 
switch str{val} 
case 1 peaks 1 

axes(handles.pltChart) ; 
peaks; 

case 1 membrane 1 

axes(handles.pltChart); 
membrane; 
case 1 logo 1 

axes(handles.pltChart) ; 
logo; 

end 
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Now if as always we save the changes and run the GUI we get: 



And if you want to fill dynamically the pop-up menu, here is what you need to use for 
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| mon G 

47 


48 


49 


50 


51 


52 

- 

53 


54 


55 

- 

56 


57 

- 

58 


59 

- 

60 

- 
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- 

62 


63 


64 

- 

65 

- 

66 

- 

67 

- 

68 

- 

69 

- 

70 

- 

71 

- 

72 

- 


GUI.m 


% - Executes just before monGUI is made visible. 

function monGUI_OpeningFcn(hObject, eventdata, handles, varargin) 

% This function has no output args, see OutputFcn. 

% Choose default command line output for monGUI 
handles.output = hObject; 

% Update handles structure 
guidata(hObject, handles); 

set(handles.lbl_Date, 1 String 1 ,cel1str(datestr(date, 1 vyyy-mm-dd 1 ))) 

axes(handles.ltx_Equation); 
axis off; 

text(0,0.5, 1 I can display pi$ 1 , 1 interpreter 1 , 1 latex 1 ,.. . 

1 horiz 1 , 1 left 1 , 1 vert 1 , 1 middle 1 ) 

axes(handles.imgLogo); 
imshow( 1 matlab .jpg' ) ; 
axes(handles.pltChart) ; 
peaks; 
grid off; 


string_list{1} = 1 peaks 1 ; 
string_list{2} = 1 logo 1 ; 
string_list{3} = 1 membrane 1 ; 

set(handles.1st Chart, 1 String 1 ,string list) 


and for sure you can automate this with a loop! Or if you prefer: 
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Manage multiple selection List box 

For the multiple selection List box we will directly make a dynamic one (we already saw 
before how to manage static stuff). First create such a component following exactly the same 
steps as we did for the pop-menu (simple list box): 


1 ft? mon_GUI.fig 

File Edit View Layout Tools 

Help 
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Style 
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TooltipString 
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UIContextMenu 
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Once this is done we fill it dynamically on the GUI open event callback: 
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47 


48 


49 


50 


51 


52 

- 

53 


54 


55 

- 

56 


57 

- 

58 


59 

- 

60 

- 

61 

- 

62 


63 


64 

- 

65 

- 

66 

- 

67 

- 

68 

- 

69 

- 

70 

- 


% - Executes just before monGUI is made visible. 

function monGUI_OpeningFcn(hObject, eventdata, handles, varargin) 

% This function has no output args, see OutputFcn. 

% Choose default command line output for monGUI 
handles.output = hObject; 

% Update handles structure 
guidata(hObject, handles); 

set(handles.lbl_Date, 'String' ,cel1str(datestr(date, 'yyyy-mm-dd' ))); 

axes(handles.ltx_Equation); 
axis off; 

text (□,□.5, 'I can display $\piS ',' interpreter ',' latex ',.. . 

1 horiz 1 , 'left 1 , 1 vert 1 , 1 middle 1 ) 

axes(handles.imgLogo); 
imshow( 1 matlab.jpg' ); 
axes(handles.pltChart); 
peaks; 
grid off; 

set(handles.1st Chart, 1 String' ,{ 'peaks 1 , 1 logo 1 , 1 membrane 1 }) ; _ 


set(handles.1st ChartStyle, 1 String' ,{' Colorbar ',' Shading interpolation' ,' 50% Alpha 1 }) 


If we already run the GUI we 
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To make multiple selections possible you have to change the Min and Max properties. The 
difference corresponds to the number of possible selections. For example, even if we have 
only three choices we can put: 
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So: 


■j? monGUI.fig 


File Edit View Layout Tools Help 
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Seems to work well! We continue now to define a callback on this list box: 


r EUR 

r usd 


Cut 

Copy 

Paste 

Clear 

Duplicate 


Bring to Front 
5end to Back 


Static Text 


Object Browser 
Editor 



Ctrl+D 


Ctrl+F 

Ctrl+B 



View Callbacks 


D 


CrsateFcn 

DeleteFcn 

ButtonDownFcn 

KeyPressFcn 


Property Inspector 
Listbox Property Editor... 


r: uicontrol (1st... | 



And now we write the callback for the List Box: 



mon GUI.m 


227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 


% - Executes on selection change in lst_ChartStyle. 

R function l^t^^ha^tSt^J^e^aJJ^bach (hObject, eventdata, handles) 

R% hObject handle to lst_ChartStyle (see GCBO) 

% eventdata reserved - to be defined in a future version of MATLAB 
% handles structure with handles and user data (see GUIDATA) 

% Hints: contents = cellstr(get(hObject, 1 String 1 )) returns lst_ChartStyle contents as cell array 
^^^^^^^contentsJ^e^hCbj^ect^JJ/alueJJ^^returns selected item from lst_ChartStyle 


str = get(hObject,{ 1 string 1 , 1 value 1 }); 

str = str{ 1} (str{2}); 

peaks; 

if find(ismember(str, 1 Colorbar 1 )) 
axes(handles.pltChart) ; 
colorbar; 

end 

if find(ismember(str, 1 Shading interpolation 1 ); 
axes(handles.pltChart) ; 
shading interp; 

end 

if find(ismember(str, 1 50% Alpha 1 )) 
axes(handles.pltChart) ; 
alpha(0.5) ; 

end 




This works well as we can see it: 
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Manage sliders 


Sliders_ _l are very useful for all sort of simulations or chart manipulation. Let us have a 

look of how to use them. Add one right from the chart as following: 



and change the Tag, Max and Min properties: 


Open 


ie property mspeci 


MATLAB 


683/1357 




























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 



Now we open the callback of the sli< 


to wrii 


rmon_GULnn 


x 


264 


265 


266 


267 


263 


269 


270 


271 


272 


273 

- 

274 

- 




% - Executes on slider movement. 

function sId Ang1eChart_Ca 11ba ck(hObj ect , eventdata, hand1es) 

3% hObject handle to sld_AngleChart (see GCEO) 

- eventdata reserved - to be defined in a future version of MATLAB 

- % handles structure with handles and user data (see GUIDATA) 

% Hints: get(hObject f 1 Value 1 ) returns position of slider 

%^^_^^_c[e^JJiQbj i ect iB | ii Miri^J_and get (hObject, 1 Max 1 ) to determine range of slider 

axes(handles.pltChart) ; 

view(get(hObject, 1 Value 1 ), 30); 


MATLAB 


684/1357 








































































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


And if we run the GUI you can check that the slider works well: 
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Manage tables 

We can do a lot of things with MATLAB GUI tables: tables of values, tables of values with 
check boxes, tables of listboxes, etc. Here we will focus only on the basics. 

First let us create a Blank GUI: 



Afterwards in the toolbox pane we use the followi 


dng button L®J 


to draw a table. And we 


taff Correlations.fig 



>i 


File Edit View Layout Tools Help 



get: 
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Now in the Command Windows, let us consider that we have the following variable in the 
memory: 


MATLAB Command Window 


» c=[1,O,0;0,1,0;O,0,1] 

c = 


1 

0 

0 


0 

1 

0 


0 

0 

1 


To connect our table to this variable we click on the following buttons: 


lCorrelations.fig 


ollowing butt* 



File Edit View Layout Tools Help 
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Table Property Editor 


Columns 

PjDWjS 

[Dat^^ 

Colors 


Data 


, t-. Loading data from a workspace variable creates a static copy of the data. Cham 
1 the table. 


C Do not set data value and leave the table empty 
C Keep the current data value 


f* Change data value to the selected workspace variable below 


Name L. 

| Value 

15ize 

| Class 

1 13 1 K 

[1 jOjOjOj 1 jOjOjO, 1] 

3x3 

double 


after validation, we get: 


Correlations.fig 
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r 
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1 


Tag: figurel 


Current Point: [264, 73] Position: [520, 722, 264, 78] 


Ok the result is nice but... we want to make the cells editable!!! For this purpose we go back 
in the Wizard: 
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g? Correlations.fig 


File Edit View Layout Tools Help 
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to tick the corresponding Editable column: 


Table Property Editor 


Columns 

Rows 

Data 

Colors 


Columns 



. Format impacts how data is displayed in the table. A discrepancy between the selected format and the underlying data type may 
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C Do not show column headers 

(• Show numbered column headers 
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and in the Inspector we give an Tag name to our table: 



After we need to edit the Callback of the table: 
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and we put: 


Correlations, m* x 


7E- 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 - 

88 - 
89 - 


%-Executes when entered data in editable cell (s) in tbl_Correlation. 

3 function tbl_CGrxelatjjDn^£eJJ^ eyentdata, handles) 

% hObject handle to tbl_Correlation (see GCEO) 

% eventdata structure with the following fields (see UITABLE) 

% Indices: row and column indices of the cell(s) edited 
% PreviousData: previous data for the cell(s) edited 
% EditData: string(s) entered by the user 

% NewData: EditData or its converted form set on the Data property. Empty if Data was not changed 
% Error: error string when failed to convert EditData to appropriate value for Data 
% handles structure with handles and user data (see GUIDATA) 
data=get(hGbject, 1 data 1 ); 

disp(data); ^display the whole matrix in the Command Window 
data(1,2) %show only the first line, second columdn component 


nn 


There when we chang the values of the table in the useform we get immedi; 
the Command Window: 


MATLAB Command Window 


» 1 
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4 


ans = 
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1 




mmm 


31 
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Now in the let us found the callback _OpeningFcn to add in it a specific matrix when the 
form loads: 


■:| Correlations,! 


47 


% - Executes just before Correlations is made visible. 


48 


function [Correlations OpeningFcn|[hOb ject, eventdata, handles, varargin) 

49 


E 

% This function has no output args, see GutputFcn. 


50 



% hObject handle to figure 


51 



% eventdata reserved - to be defined in a future version of MATLAB 

52 



% handles structure with handles and user data (see GUIDATA) 

53 



varargin command line arguments to Correlations [see VARARGIN) 

54 





55 



% Choose default command line output for Correlations 


56 

- 


handles.output = hObject; 


57 





53 



% Update handles structure 


59 

- 


guidata(hObject, handles); 


60 

- 


set(handles.tbl Correlation, 1 Data 1 , [3,3,3]) 


61 





and as we can see it, this works well!: 



There are other interesting stuffs about tables. For example adding checkboxes and retrieving 
the selected rows: 


MATLAB Command Window 


_ n 


» nylogicallable = uitable(‘Data' , {false;true;true;false;false}, 'ColunnEdit', true); 
» data = get(nyLogicalTable, 'Data'); 

» logicaluec = horzcat(data{:>); 

» find(logicaluec) 


□ 


Figure 1 


_ n 


File Edit View Insert Tools Desktop Window Help 
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Or with multiple named columns and checkboxes: 


♦ MATLAB Command Window 

_ □ 


» myTable = uitable(* Units* ,*normalized’, •Position* ,[0 0 1 1], *Data* t c1); 
» set(myTable,'colunnname',{ , T1 , t , T2 , f , T3 , >); 

» c2 = cl(:,1)>0.5; 

» set(myTable, ’Data',[num2cell(c1) num2cell(c2)], _ 

'ColumnFormat‘,[repmat(<[]>,1.size(cl,2)),‘logical *]__ 

1 ColumnEditable*,[false(1.size(cl,2)).true]) 


□ 


Figure 1 


_ n 


File Edit View Insert Tools Desktop Window Help 
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And what about colors in cells? Let us see an example: 
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uitable color.m * 


1 
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8 
9 


10 - 


%data 
X = { 

'Alice* 1 
•Bob* 2 
•Charlie* 3 
1 Dave 1 4 


%get color from user 
c - uisetcolor(); 


11 

12 %# format color as: #FFFFFF 

13 - dr = dec2hex(round(c*255),2)*; clr = [ 1 # ' ;clr ( :) ] ’; 

14 

15 %# apply formatting to third row first column 

16 - X(3 r 1) = strcat ( ... 

17 [*<htmlxbody bgcolor="* clr '" text="#FFGGGQ" width="10Gpx">* J, ... 

18 X (3 r 1) ) ; 

19 

20 %# display table 

21 - f ^ figure( •Position*, [100 100 350 150J); 

22 - myTable| = uitable (* Parent 1 ,f, 1 ColumnWidth 1 , 1 100 ‘auto 1 }, ... 

23 * Units * t 'normalized* , *Position * t |0.05 0.05 0.9 0.9J, ... 

24 1 DataV r X, 1 ColumnName * r { 4 Name * r ‘Rank:* } r ‘RowName* r |))J 

25 


Then 




Figure 1 
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File Edit View Insert Tools Desktop Window Help 
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Userform calling another userform 


Let us see now hot to call a userform from another ruserform. Let us consider that we have a 
folder with the following file: 


J 


Norm T 

Ti - 

mon_GUI.m 

* mon_GUI.fig 

* Correlations.m 
f^. Correlations.fig 


then we create a button to open Correlations.fig from mon_GUIfig and we assign a caption 
and Tag to it: 


mon_GUI.fig 
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1 t^mon_GUI.fig 

File Edit View 

Layout Tools 
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Cut 

Ctrl+X 

Copy 
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Paste 

Ctrl+V 

Clear 


Duplicate 

Ctrl+D 

Bring to Front 

Ctrl+F 

Send to Back 

Ctrl+B 


Object Browser 
Editor 


View Callbacks 


Where we simple add: 

| mon GUI,m* x 



Property Inspector 

Push Button Property Editor... 


CresteFcn 

DeleteFcn 

ButtonDownFcn 

KeyPressFcn 


“ZBT 


288 


289 


290 


291 


292 


293 

- 

294 


■?Q C 



%-Executes on button press in btn Correlation. 


function! btn Correlation Callback 


JhObject , 


eve nt data, hand1e s) 


% hObject handle to btn_Correlation (see GCBO) 

% eventdata reserved - to be defined in a future version of MATLAB 
handles structure with handles and user data (see GUIDATA) 
jCorrelat ions %the name of your "subform" j 


And that’s it! You can now test you button and enjoy the result! 
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Write/Get GUI variables in MATLAB workspace 

There exist methods to pass variables between GUI 2 without writing the variables in the 
workspace but I prefer this last solution for multiple reasons: 


1. The user can change the variable on the fly from the Command Window if he prefers 

2. The user can save all variables in a MAT-file to reload them later or for other use 


3. The script is less horrible than the one 


Suppose we want to be able to save or load our correlation matrix to the Workspace. First 
create two buttons btn_SaveW and btn_LoadW as following: 



2 To pass variables between Callbacks in the same GUI just add global myvariable_name; at the beginning of 
each callback where you need to access your variable and add at the end of the callback that fills you variables 
the command guidata(hObject,handles) to maintain the variable in the memory (see the example in the text). 
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After change the all Callbacks as following using global variable and especially use the 
functions assignin() and evalin() to write and read in the workspace: 


| Correlations,! 




76 


77 


78 


79 


87 

- 

88 

- 

89 

- 

90 


91 


92 


93 


94 


97 

- 

98 

- 

99 

- 

100 


101 


102 


103 


106 

- 

107 



% - Ex ecutes when entered data in editab le cell(s) in tbl_Correlation. 

function ject, eventdata, handles) 

F % hObject 


handle to tbl Correlation (see GCBO) % ■ ■ ■ % 




global data; 

data=get (hObject, 1 data 1 ); 
guidata(hObject,handles); 


%-Ex ecutes on button pre ss in btn_SaveTjJ. 

R f unct i□ n j bt.^Saye : Tj^C_ a 1 l bac lj( hOb ■ j e : c t , eyentdata, handles ) 
F] % hObject 


handle to btn SaveU (see GCBO) % 


global data; 

assignin( 1 base 1 , 1 ApplicationName_Corr 1 , data) ; 
disp (data) _ 


%- Executes_oi^buttoi^j3ress in btn_LoadU. 

f uncti□ n Jjjtr ^LoadTj^C^^^ jackJ hOb g ec: t , eyentdata, handles) 


]% hObject handle to btn LoadW (see GCBO) 



|set (handles.tbl Correlation, 1 Data 1 ,evalin( 1 base 1 

, 1 ApplicationNaine Corr 1 ) ) | 


When you click on the button Save to W. you can see and control in the Command Window 
that everything is working: 


MATLAB Command Window 
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» whos ApplicationName_Corr 

Name Size 

ApplicationNameCorr 3x3 

» ApplicationNameCorr 

ApplicationNameCorr = 
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3.0000 

0 


0 

3.0000 


Uj 


Ejj % hObject handle 
—■———====== Tag: btn_5aveW 


Bytes Class Attributes 
72 double 


Correlations 



1 


3 

1 

3 

0 

0 

2 

0.5000 

3 

0 

3 

0 

0 

3 


HBB 


Save to W. 


Load form W. 


mmm 




M 


d 


Current Point: [25, 104] Position: [30, 10, 88, 25] 


And also you can change the variable in the workspace and after click on the button Load 
from W. to see that everything works well: 


MATLAB 


698/1357 



























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 





MATLAB 


699/1357 


























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Create userforms using only script 

Some people don't like, or simply cannot, create GUI using the MATLAB WYSWIG builder. 
Therefore it can be useful to see how to crate GUI only with pure script (very useful if you 
don't have MATLAB on your computer). 


ToDo... 
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Important practical cases 

Create a GUI that opens a file 


The idea will be to see how it looks like to load such a file: 



a MATLAB GUI Static text 


First we 
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MATLAB Command Window HIM | 


» guide 3 
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We add a Static text area and change a few standard stuff: 



We add the main Static text area afterwards: 
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Now we click make the Callback script of the main button visible: 


^ FileBrowser.fig 

File Edit View Layout Tools 

Help 


r\& £ 

| # % 13 “J 


* m m 


nr 



HEnH 

® 

0 

!D I T 

THT 

GE3 

III 

EslI 

m 

& 

r«i 

13 



Brow-- 1 


Full Path 


Cut 

Ctrl+X 

Copy 

Ctrl+C 

Paste 

Ctrl+V 

Clear 


Duplicate 

Ctrl+D 

Bring to Front 

Ctrl+F 

Send to Back 

Ctrl+B 

Object Browser 

Editor 

| View Callbacks 

HI 

Property Inspector 

Push Button Property Editor... 



CreateFcn 
DeleteFcn 
ButtonDownFcn 
KeyPressFcn 


And we add the following: 

| FileBrowser.m 


71 


72 


73 

- 

74 


75 


76 


77 


78 


79 


80 


81 

- 

82 

- 

83 

- 

84 

- 

85 

- 


% Get default command line output from handles structure 
varargout{1} = handles.output; 


L___ 


2 : 


i 


Execute^oi^Jouttor^jDress in btn_Browse. 


4 


function! btn Browse Callback! 


eventdata, handles) 


E % hObject handle to btn_Brouse (see GCBO) 

% eventdata reserved - to be defined in a future version of MATLAB 
handles structure with handles and user data (see GUIDATA) 


[filename gatlmame]=uigetfile({ 1 *.csv 1 }, 1 File Selector 1 ); 
str_fullpathname=strcat(pathname,filename) ; 
set(handles.lbl_FullPath, 1 String 1 ,str_fullpathname); 
str_Content=fileread(str_fullpathname); 

set(handles.lbl FileContent, 1 String 1 ,str Content); _ 


FileBrowser / FileBrowser 
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Now we can test it: 


FileBrowser.fig 
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Once executed it looks like this: 


* FileBrowser 


HImIE 


Browser! 


k 


Full Path 


When we click on Browse we get as expected: 


iFile Selector 


mm\ 

Regarder dans : | & tmp 

<s= B d° HI- 




Ejn 


DOE.d 

GLMGamma.csv 
^ Multi variateOL5. csv 


Nom du fichier: 
Fichiers de type: 


| data, c 


| (“-CSV) 


□ uvrir 


~z\ 

* | Annuler 
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Once the *.csv file choose we have the result we wanted: 
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Object Oriented Programming (OOP) 

This section is particularly important for people that code 3D applications or advanced 
softwares based on MATLAB framework. 

First remember some definitions: 


• Class: template for creating objects, defining properties and methodes, as weel as 
default values/behavior (e.g.: Car) 

• Object: instance of a class that has a state (properties) and behavior ( methods ) (e.g. 
Mercedes) 

• Properties: data associated with an object (e.g.: number of wheels). 

• Methods: functions (behavior) defined in a class and associated with an object (e.g.: 
start car). 

• Attributes: modify behavior of classes and class components (e.g.: car feolor) 

• Events: start when something happens (e.g.: engine warm up when you turn key) 

• Listener: code waiting for something 

• Inheritance: object or class (subclass) derived from another object or class 
(superclass) 

• Polymorphism: single interface to entities of different types 

MVC (Model-Vue-Controller) 

We normally don't need to present this development strategy mainly used for statefull 
applications strongly inspired from the ANSI/SPARC database concepts. 

Here is a simple example: 

| mvc demo.m x~ 


1 


2 


3 

- 

4 

- 

5 


6 


7 

- 

8 

- 

9 


10 


11 

- 

12 

- 

13 

- 

14 


15 


16 

- 

17 

- 

18 

- 

19 

- 


function mvc_demo () 

%THIS is nested scope variable 
this. model = getModel(); 
this. view = getView(); 

^create model 
function model = getHodel() 
model.dat a1 = 1; 

end 

^create view 
function view = getView() 
view.hfig = figure(); 

view.hbtn = uicontrol( 'style 1 , 'push 1 , 'string 1 , 'click me 1 

end 

^controller 

function btnl_cb(varargin) 

thi; .model.datal = this .model.datal + 1; 

set( this .view.hbtn, 'string 1 , num2str (this .model.datal) ); 

end 

end 


'callback', @btnl_cb ); 
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If we run it we get: 



And if we click on the button 
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Symbolic calculations (Symbolic Toolbox) 

Now that we have finished with the core basic functions of MATLAB, it is time to focus on 
the first Toolbox in order of importance that is the: Symbolic Toolbox. 

You will see in this chapter the most common commands use in business and engineering and 
also discover the similarities between MATLAB and Maple about the subjects covered in my 
book of Applied Mathematics. 

New main core features (to be complete) 

Note that all changes are not documented here! Please refer to the official release notes for a 
full list. 

http://www.MathWorks.ch/ch/help/symbolic/release-notes.html 

MATLAB 2014a (8.3) 

• Quickly compute cosinus/sinus hyperbolic 

• max and min for finding the largest and smallest elements of a symbolic array 

MATLAB 2013b (8.2) 

• cumsum and cumprod functions for computing cumulative sums and products 

• close function to close MuPAD notebooks from MATLAB 

MATLAB 2013a (8.1) 

• Linear algebra functions for computing matrix factorizations ( lu , chol), pseudoinverse, 
orthogonal basis, and adjoint 

• sign function for computing signs of numbers 

MATLAB 2012b (8.0) 

• matrix analysis functions for characteristic charpoly 

• poles function for determining the poles of an expression 

• Functions for converting linear systems of equations to matrix form AX=B 
(< equationsToMatrix ) and solving matrix equations (. linsolve ) 

• symbolic functions for describing pulses: rectangularPulse and triangularPulse 
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Series 

Have a look how MATLAB compute classics Gauss series as we proved them in the 
theoretical course and that are very useful in actuarial science We will use for this purpose the 
function symsum(): 



That's right. Just the esthetic of the resuli 


sing 


& 
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Limits 

The first important used command and one of the most simple is the limit() function to 
calculate the... limit 0_o 

For this purpose we will also need to learn how to create variable or constants symbols using 
the command syms: 



Or another well know case (trap) about limits: 
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Derivate/Partial Derivate 

As we save with the core version of MATLAB, derivation was limited to pseudo-symbolic 
polynomial only. With the Symbolic Toolbox we can derivate almost all classical functions 
and estimate their value on a given point using the function diff( ): 


“^3 


>Ta 


MATLAB Command Window 


» syms x 

» %first deriuate 
» diff(x~2+3*x+2,2) 

ans = 

2 

» ^second deriuate 
» diff(x~2+3*x+2,2) 

ans = 

2 


la. 


Or if we want a pure symbolic derivate without being interested to the evaluation on a given 
point we have (always using the diff() function): 
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Integration 

As we save with the core version of MATLAB, derivation was limited to pseudo-symbolic 
polynomial only. With the Symbolic Toolbox we can integrate almost all classical functions 
and estimate their value on a given point using the function int() alone or associate with 
eval(): 


MATLAB Command Window HET H 


» syms x 
» int(x) 

ans = 

x*2/2 

» int(x,0,5) 
ans = 

25/2 

» eual(int(x,0,5)) 
ans = 

12-5 

» 
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Taylor series 

The fact that Taylor series expansions are not available in the core version of MATLAB is a 
huge and boring limitation. At least, it is available in the Symbolic Toolbox and there are two 
ways of using it. The first one is through a GUI wizard called trough the command taylortool: 


MATLAB Command Window [0 


» %first a funny nay to play U 

» taylortool 

» 



UJ 
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The way to get directly in the Command Windows the Taylor expansion is by using the 
function taylor() with some trivial arguments: 



.3 


» syms x 


» taylor(sin(x) f 1 order 1 f 1) 
ans = 

0 

» taylor(sin(x), 1 order 1 ,3) 
ans = 

x 

» taylor(sin(x), 1 order 1 ,6) 
ans = 

x"5/120 - x~3/6 + x 
» taylor(sin(x) f 1 order 1 f 9) 
ans = 

- x*7/5O40 + x*5/120 - x*3/6 + x 


UJ 
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Heaviside function 

If you have the symbolic toolbox you can use the heaviside() function to get a step function 
(very useful in electronics): 




<3 B (?) a - E 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


x = -10:0.1:10; 
stepfun = heaviside( 
subplot (2 , 1, 1) ; 
plot (x, stepfun) 
xlatoel( 1 t (time) 1 ) 
title( 1 u(t) vs. t 1 ) 
ylatoel( 1 Amplitude. 1 ) 
axis ( [-10 10 , 0.5 1 . 
subplot (2, 1, 2 ) ; 
stepfun = heaviside( 
plot (x, stepfun) 
axis ( [-10 10 , 0.5 1 . 
title( 1 u(t-2) vs. t 1 
ylahel( 1 Amplitude. 1 ) 
xlatiel ( 1 t (time) 1 ) ; 


5 ] ) 

x-2 ] 

5 ] ) 

) 



So we get: 


\\r 


| y Figure I 



PUB 

File Edit View Insert 

Tools DeskJtop Window Help 



w j a a £ | b 

% % © ® € A - 

a 

□ El 

■ 0 


d 
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Matrix determinant 

We saw that in the core MATLAB version it was very easy to get the determinant of a 
numeric matrix with the function det(). By passing to the same function variables instead of 
numerical values we can also get the determinant: 
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Integral Transformations 


In the theoretical course we have seen how powerful are Fourier, Laplace or Z 
transformations to solve differential equations, or for calculating series values or for signal 
processing. The purpose here is just to make an example of each to see that we obtain the 
same results as those calculated by hand. 

Fourier Transform 

Have a look to some Fourier transformation we calculated by hand in the theoretical course: 



» syms t omega a 
» fourier(dirac(t-a),t,omega) 

ans = 

exp(-a*omega*i) 

» ifourier(exp(a*omega*i),t) 
ans = 

fourier(exp(a*omega*i), omega, -t)/(2*pi) 
» fourier(exp(-t*2),t,omega) 
ans = 

pi A (1/2)*exp(-omega A 2/4) 

» fourier(exp(-a*t A 2),t,omega) 
ans = 

fourier(exp(-a*t A 2), t, omega) 

» ???? 





UJ 



Everything seems ok except the last one (heat equation Fourier Transform) that MATLAB 
seems not be able to compute. But in reality as we know it, it is because of the sign of a. 
Thus: 
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And another famous typical case that we have calculated by hand in the theoretical course 
using the function rectangularPulse() also from the Symbolic Math Toolbox. 
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Laplace Transform 

Have a look to some Laplace transformation we calculated by hand in the theoretical course: 
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Z Transform 

For the Z transform we will focus only on the practical financial case of this transformation 
that we have study during the theoretical course. 

Let's have a look: 


MATLAB Command Window 


» syms f(n) z m 
» ztrans(f(n+m),n,z) 

1 

ans = 


ztrans(f(m + n), n, z) 


» ztrans(f(n+1),n,z) 


ans = 


z*ztrans(f(n), n, z) - z*f(0) 


» 





As we can see, MATLAB seems not to be able to manager a general result for any m but if we 
chose a special value than the result is ok. 



MATLAB 


722/1357 









Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Jacobien 


As we saw in the course of applied mathematics the jacobian has an important place in some 
integrals and even sometimes in some statistical tests. 

Let us see if we can found back the same result as the one calculate by hand using the 
function jacobian(): 





» syms r phi 


» jacobian([r*cos(phi), r*sin(phi)], [r, phi]) 
ans = 

[ cos(phi), -r*sin(phi)] 

[ sin(phi), r*cos(phi)] 

» det(jacobian([r*cos(phi), r*sin(phi)], [r, phi])) 
ans = 

r*cos(phi) A 2 + r*sin(phi) A 2 

» simplify(det(jacobian([r*cos(phi), r*sin(phi)], [r, phi]))) 
ans = 

r 


UJ 
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MuPAD 

The MuPAD is a Maple like interface in MATLAB to make symbolic calculation and 
charting. To start it just type mupad in the Command Window. 


MATLAB Command Window 


Notebook1 -MuPAD 


mmm 


mupad; 




HEIH 


File Edit View Navigation Insert Format Notebook Window Help 


BQL <S 


[]| » | Generic Monospace 




uj 




Command Bar 

X 

[1 


j-f 

lim / 

K—S- L2 T 

Y.J 

v 




/-itj 

. n* f ^ 




f=>/ 

/1 

x-a 



% S: ... 

a = b 

a ■= b 



T 

T 




a~b 

n\. 

x fix) 








sin a 


{i L if c L 



T 

V 

V 



e.. oc 

a.. .. Q 

inks 



w 

w 

w 



V 

Ou 

m 



General Math T 




Plot Commands T 


Rewrite expression 

Not Connected 

Cmd 

m 

IN5 




And now we just make a small example and as you can see it is very similar to Maple (at least 
for basics features): 


Q Notebook 1* - MuPAD 


File Edit View Navigation Insert Format Notebook Window Help 




71 1! » | Generic Monospace 


“ 3 = 


( 


x A 2; 

plot(x A 2 , x=D..3); 


C 



3 


Mem 8 MB, T 2 s 


Command Bar 


j-f 

lim / 

£*/ t 

if il 

T 

/=>/„ 

n«/ 

b/.d 

/=>/ 

/l 

i-a 

% ... 

v 

a = b 

a := & 

a-b 

T 

nl 

* /it. 

T 

sin a 

e 12 

{r L if ^ 

e .. od 

a .. a 

mks 

V 


Cu 



General Math T 
Plot Commands T 


Cmd 
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Databases (with Database/Datafeed toolbox) 

http://www.MathWorks.ch/ch/help/database/release-notes.html 

Access to external databases is a major topic in almost all statistical softwares and especially 
for practitioners in Quantitative Finance, Data Mining and Machine Learning (Big Data). 

We will see here the most common example to access and retrieve datas form mySQL, 
Microsoft Access, Oracle Express and SQL Server Express. 


Connect to mySQL 5.5.36 

We will begin with mySQL that was for this example installed automatically with XAMPP 
server: 


XAMPP 1.8.2 - Windows Internet Explorer 


v |||3 http localhost mpp/index. php 

~zl I S§! | [^*] [x] \P Trovi search \p | T | 

Fichier Edition Affichage Favoris Outils ? 

Favoris ^ 


^ XAMPP 1.8.2 

j-Jf T 0 T ^ T Page ^ Securite ▼ Outils ^ W 

(2J XAMPP for Windows 

Englin / DcuLscn f Francois f Nedeilands/ PcbC/ [Lafana / Naiweg^n / Espsiial/ ffS/ Pa'Lugu^s 


XAMPP 

1.8.2 

[PHP: S.-J.Z.5.J 


Statut 
S ecu rite 
Documentation 
Composants 
Applications 

.PhP 

phpinfo() 
Collection de CD 
Biorhythme 
Instant Art 
Repertoire 
Telephonique 

Perj 

perlinfo() 
Guest Book 

J2ee 

info 

Tomcat examples 


Then if you click 


Bienvenue dans XAMPP pour Windows! 

Bravo: 

Vous venez d'installer XAMPP avec succes! 

Vous pouvez des lors commencer a utiliser Apache and Co. Vous devriez avant tout essayer "Statut" dans le menu de 
navigation pour s'assurer que tout fonctionne bien. 

Apres les tests, vous pouvez aller voir les exemples situes sous les liens de test. 

Avant de commencer a programmer en PHP ou en Perl (ou autre ;), allez voir le fichier XAMPP lisez-moi pour avoir plus 
d'informations sur votre installation XAMPP. 

Pour le support OpenSSL, veuillez utiliser le certificat de test avec https ://127.0.0.1 ou https ://localhost 
Bonne chance, 

Kay Vogelgesang + Kai 'Oswald' Seidler 

Install applications on XAMPP using BitNami 

Apache Friends and BitNami are cooperating to make dozens of open source applications available on XAMPP, for free. 
BitNami-packaged applications include Wordpress, Drupal, Joomla! and dozens of others and can be deployed with one-click 
installers. Visit the BitNami XAMPP page for details on the currently available apps. 


M * <ui 




lick on the 


Intranet local 


t | % 90% 


mySQL link you get: 
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For the example we will import the sal 


AB 
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The first thing to do is to install the mySQL JDBC connector of the website: 

http://dev.mysql.eom/download/connector/i/3.l.hmtl 



Once downloaded and the zip file extracted you get a folder with the following files and 
subfolders: 



Norn _± _ 

r 3 ! debug 
redoes 
fr^isrc 
|£ build,xml 
g CHANGES 
g COPYING 

g EXCEPTI0N5-C0NNECT0R-J 
-■1 my sql-connector-iava-3.1.14-bin. jar 
g README 
£) README.txt 


J 
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Once the connector unzipped we write the following script: 



Once the code is executed the datas are imported in a cell array (ToDo: found a way to 
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MATLAB R2013a 





mmu 

HOME PI 

_OTS 

APRS 

SHORTCUTS 

IJbearchDocurrientation 



1^1 JL Ji 


Command Window 



© 


ans = 



— 


DatabaseProductName: 

1 MySQL 1 




DatabaseProductVersion: 

1 5.5.36' 




JDBCDriverName: 

'MySQL-AB JDBC 

Driver' 



JDBCDriverVersion: 

[lx104 char] 




HaxDatabaseConnections: 

0 




CurrentUserName: 

1 root@localhost 

' 



DatabaseURL: 

1 jdbc:mysql://localhost:3306/csv db 1 



Auto Comm it. Trans act ions : 

1 True 1 




ans = 





Columns 1 through 4 





[100] 'Assurances' 

[ 1] 

1 03.01.2000' 



[123] 'Machines/OutiIs 1 [ 2] 

1 03.01.2000' 



[109] 'education' 

[ 3] 

'03.01.2000' 



[104] 'education' 

[ 4] 

'03.01.2000' 



[117] 'Banques' 

[ 5] 

1 04.01.2000' 



[103] 'Assurances' 

[ 6] 

'04.01.2000' 






— 


Workspace 


Name 
{Jj ans 
conn 
curs 
sbtj dbname 
abEj dburl 
abc] driver 
sbtj password 
aar, sqlquery 
shtj username 


© 


Value 


<109x10 cell> 

<1x1 database> 

<1x1 cursor> 

'csv_db' 

'idbc:mysql://localhost. 
'com. mysql. jdbc. Driver' 

'SELECT * FROM sales' 
'roof 


jJ 
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Connect to Microsoft Access 2003/2010 (*.mdb/*.accdb) 

Retrieve data from Microsoft Access is something very common even Fortune 500 companies 
use Microsoft Access with MATLAB... 

To start the first example let us see how to connect a *.mdb (Microsoft DataBase file) with 
MATLAB. Consider for this purpose the following Northwind.mdb file and especially the 
table named Commandes : 



To retrieve data from such a table you need the following script but you must first be sure that 
you have at least the Java Runtime installed: 

https://www.iava.com/fr/download/ 

and the Microsoft Access ODBC Driver: 

http://www.microsoft.com/en-us/download/details.aspx?id= 13255 
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1 - dbpath = 'C:\tttip\Northwind.iridb 1 ; 

2 - conurl = [ 1 jdbc : odbc : Driver ={ Microsoft Access Driver ( * . nidb) } ; DBQ= 1 dbpath] „ 

3 - conn = database( 1 1 f 1 1 f 1 1 , 1 sun.jdbc.odbc.JdbcOdbcDriver 1 , conurl); 

4 - ping(conn) 

5 

6 - sqlQuery=[ 1 SELECT * FROM Coimiandes 1 ] ; 

7 

8 - curs=exec(conn,sqlQuery); 

9 - curs=fetch(curs); 

10 - curs.data 

11 - close(curs) 
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For .*accdb files (it can help to have ODBC driver installed and an up to date for Microsoft 
Access 2007/2010/2013 version and sometimes even having the MS Access runtime 
installed!) with the same table: 



The following script will make the job (you must also have the Java Runtime and the 
Microsoft Access ODBC Driver installed!): 



1 - dbpath = ['C:\tttip\rJorthuind.accdb 1 ]; 

2 - conurl = [_£' jdbc : odbc : Dr iver={ Microsoft Access Driver (*.:mdb, *.accdb)};DSN= 1 1 ;DBQ= 1 ] dbpath]; 

3 - conn = database( 1 1 , 1 1 , 1 1 f 1 sun.jdbc.odbc.JdbcOdbcDriver 1 f conurl) ; 

4 - ping(conn) 

5 - sqlQuery=[ 1 SELECT * FROM Coimiandes 1 ] ; 

6 - curs=exec(conn,sqlQuery) ; 

7 - curs=fetch(curs) ; 

3 - curs . data] 


and the result will always be (ToDo: found a way to directly import the data into a dataset): 
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Connect to Oracle Express llg 

Oracle is in my point of view the most powerful database worldwide (and also my preferred 
DBMS). 

To see how to retrieve data from Oracle (Express) 1 lg we will use the native 
DEMO ORDERS table: 


f 


Object Browser 


l°l@l 3 I 


«- G D 127.0.0.l:8080/apex/f?p=4500:1001:764133614418094: :NO::: 


Fn = 


ORACLE' Application Express 


Welcome ISOZ ( Logout ) 


Home 

Application Builder^ 

SQL Workshop ^ 

Team Development^ 

Administration ▼ 



Home SQL Workshop Object Browser 


Schema jsoz V] 


SHS^ 


Tables 


p 


APEX$_ACL 
APEX$WS FILES 


APEX$WS HISTORY 


APEX$WS LINKS 


APEX$WS NOTES 


APEX$WS RCWS 


APEX$WS T AGS 


APEX$WS WEBPG SECTIONS 
APEX$WS WEBPG SECTION HIST( 


DEMO CUST OMERS 

DEMO ORDERS 


DEMO ORDER ITEMS 
DEMO PRODUCT INFO 


DEMO STATES 
DEMO USERS 


DEMO ORDERS 


Table E 


Add Column Modify Column Rename Column Drop Column Rename Copy Drop Truncate Create Lookup Table 


Column Name 

Data Type 

Nullable 

Default Primary Key 

ORDERJD 

NUMBER 

No 

1 

CUSTOMERJD 

NUMBER 

No 

- 

0RDER T0TAL 

NUMBER(8,2) 

Yes 

- 

ORDER TIMESTAMP 

DATE 

Yes 

- 

USERJD 

NUMBER 

Yes 

- 

1-5 




First we will need to download the Oracle JDBC driver on the Oracle website: 

http://www.oracle.com/technetwork/database/features/jdbc/index-091264.html 
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| ^JDBC/UCP Download Page - Windows Internet Explorer 



mmm\ 

w |2 http://www.oracle.com/technetwork/database/features/jdbc/index-091264.htr^J [ | |^f] [ X | Trovi search 

03 

Fichier Edition Affichage Favoris Outils ? 

| Favoris Q JDBC/UCP Download Page 

u 

fij- - £J - H G§Q - Page - 

5ecurite t Outils ^ 4“ T ** 


ORACLE 


Sign In/Register Help Country‘s Communities v lama.. 


Search 


Products Solutions Downloads Store Support Training Partners About 1OTN | 


Oracle Technology Network > Datab 


Database 12o 






Mu It [tenant 


JDBC and Universal Connection Pool (UCP) 


Options 



/application Development 




Big Data /appliance 


Your Take on Oracle JDBC Drivers 


Data Warehousing & Big Data 


The Oracle JDBC development team would like to hearyour experience and expectation: please 
take a few minutes and tell them what works, and what does not work for you. 


Database appliance 



Database Cloud 


JDBC Driver Downloads 


Exadata Database Ivbchine 



High Availability 


r Oracle Database 12c Release 1 (12.1.0.1) drivers 


lyybnageability 


r Oracle Databasertlo Release 2 Ml.2.0.41. fl 1.2.0.31. fl 1.2.0.2.01. fl 1.2.0.1.01 drivers 


Mgrations 


□ Oracle DatabaseV-fg Release 1 (11.1.0.7), (11.1.0.6) drivers 


Security 


R? Oracle Database 10s Release 2 (10.2.0.5), (10.2.0.4), (10.2.0.3), (10.2.0.2), (10.2.0.1.0) drivers 


Unstructured Data 



1 

*\ 1 ti 


Termine 

©Internet 

Ka - | '%9o% ^ 


You click on the link Oracle Database 
After you get: 


Release 2 (11.2.0) drivers as you can see above. 



I°l<s»l s I 


<- C It \ Q www.oracle.com/technetwork/database/enterprise-edition/jdbc-112010-090769.html 

I'.'IUILILHI iai IT 


Oracle Database 11 g Release 2 JDBC Drivers 

Options 


Application Development 

Big Data Appliance 


You must accept the OTN License Agreement to download this software. 

■ Accept License Agreement | Decline License Agreement 

Data Warehousing & Big Data 



Database Appliance 


Oracle Database \ \g Release 2 (11.2.0.4) JDBC Drivers 

Database Cloud 


SimpleFAN 

Exadata Database Machine 


± simplefan.jar (20,365 bytes) 

High Availability 


JDBC Thin for All Platforms 

Manageability 


± JavaDoc (6,415,512 bytes) 

± README 

Migrations 


± ojdbcS.jar (2,091,135 bytes) - Classes for use with JDK 1.5. It contains the JDBC driver 
classes, except classes for NLS support in Oracle Object and Collection types. 

Security 


Unstructured Data 


± ojdbc5_g.jar (3,424,1 45 bytes) - Same as ojdbcS.jar, except that classes were compiled 
with "iavac -q" and contain tracing code. 

±\ oidbcfi.iar (2,739,61 6 bytes) - Classes for use with JDK 1.6. It contains the JDBC driver 

Upgrades 


Windows 


ciass|_j except classes for NLS support in Oracle Object and Collection types. 

± ojdbc6_g.jar (4,494,540 bytes) - Same as ojdbc6.jar except compiled with "javac -g" and 

Database Technology Index 


contains tracing code. 

± ojdbcSdms.jar (2,609,739 bytes) - Same as ojdbcS.jar, except that it contains 
instrumentation to support DMS and limited java.util.logging calls. 

± ojdbc5dms_g.jar (3,445,41 2 bytes) - Same as ojdbc5_g.jar, except that it contains 
instrumentation to support DMS. 

S ojdbc6dms.jar (3,350,71 7 bytes) - Same as ojdbc6.jar, except that it contains 
instrumentation to support DMS and limited java.util.logging calls. 

± ojdbc6dms_g.jar (4,51 7,780 bytes) - Same as ojdbc6_g.jar except that it contains 
instrumentation to support DMS. 


— . . . V ■ 1 U-.l-.l-. . il Mt/Tn i * . IUII 1 -I 1-1 I-- Ti -1 K 1 1 i - - lAJim II 1 1 .■ *1 I-. n n rl 1 L-. IT C- i”i l^iT--. 1 




± Enterprise I 
± Database E 
± Developer^ 
± Enterprise I 
± Java 
± JDeveloper 
± Oracle Linu 
± MvSQL 
± NetBeans I 
f NoSQLDat 
± Solaris 
1 SQL Develc 
± VirtualBox 
S WebLoaic £ 
More Datab; 
± Database E 
± Database li 
± Database h 
1 JDBC Drive 


and you click on the ojdbc6.jar file to download. 
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Once downloaded just put the file where you want: 


Disque local (C:) 



HREJ 

Retter Edition Atffchacje Fawns- 

Out If 7 


j *; 

^ Prksdents - Q - ^ | ^ 

Rethercher Dossiers 



Adtesse C:V 



~~3 

( J DcEurnents and Sett trigs 

[netpub 

MAPL£V^ 



j Program F4es 

ED “* 



ED "ni 

lD 


4 mySQL.m 

W? I^ATLAB Code 

: L Ko 

mysgtconriedtof 

A OiadeEyprecs.m 

^ N ATLAS Code 

Pp5e| IKC 





L=h 

1 ofdbcG.jar 

Executable Jar File 
Z67&KO 



13 objects) (plus 1 cachets)) (Estate disgje disponibfe: 16.7 Go) 2.61 Ho Paste do travail 


and write the following script (ToDo: found a way to directly import the data into a dataset): 
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The result will also be cell array structure: 
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Connect to MS SQL Server Express 2008 

Even if it is far away to be the best DBMS, Microsoft SQL Server (Express or not) is largely 
deployed across the world and even in financial institutions. 

For this example we will use the default SQLEXPRES server name instance: 



Below you can the existing system administrator account inside of SQL Server Express 
Management Studio that we will have to use later: 
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For the example we will use the Northwind database and especially the table dbo. Orders: 


Microsoft SQL Server Management Studio 


Fichier Edition Affichage Requete Debogage Outils Fenetre Communaute Aide 
Si. Nouvelle requete | Qj | Qjg i3 id (3 ^ - 

g f Executer k 


master 

33^3 

Connexion T _^! 


□ +13 


jt-Hi r^i 


Explorateur d'objets 


EXCEL5IA5TUDENT\5QLEXPRE55 (5_* 
Bases de donnees 
+1 \Cj Bases de donnees systeme 
B Northwind 

IZJ Schemas de base de doi 
-] CM Tables 

B CM Tables systeme 
B 0] dbo.Categories 
i+i 3 dbo.CustomerCusto 
B 3 dbo.CustomerDemo 
B 3 dbo.Customers 
B 3 dbo.Employees 
B 3 dbo.EmployeeTerrib 
B 3 dbo.Order Details 
B 3 dbo.Orders 
B 3 dbo.Products 
B 3 dbo.Region 
B 3 dbo.Shippers 
B 3 dbo.Suppliers 

B 3 dbo.Territories _ 

B CM Vues 
B CM Synonymies 
1+1 CM Programmabilite 
B CM Service Broker 
+1 Ha Securite 

UJ __F 

Pret 


jT 1 


SQLQuery3.sql ...istrateur (52))_ 

[/ ****** Script de la comande SelectTopNRows a partir de SSHS 
□ SELECT TOP 1000 [OrderlD] 

, [CustomerID] 

, [EmployeelD] 

, [OrderDate] 

, [RequiredDate] 

, [ShippedDate] 

, [ShipVia] 

, [Freight] 

, [ShipName] 

, [ShipAddress] 

, [ShipCity] 

d 


******/ 


id 


□ Flesultats |& Messages | 



OrderlD | 

CustomerlD | 

EmployeelD | 

OrderDate 

RequiredDate 

ShippedDate 

ShipVia"[ 

Freight | 

ShipName 

1 

! 10248 

VINET 

5 

1886-07-04 00:00:00.000 

1886-08-01 00:00:00.000 

1886-07-16 00:00:00.000 

3 

32.38 

Vins et alcools Chevalier 

2 _ 

10249 

T0MSP 

G 

1996-07-05 00:00:00.000 

1998-08-18 00:00:00.000 

1998-07-10 00:00:00.000 

1 

11.81 

Toms Spezialitaten 

3 

10250 

HANAR 

4 

1886-07-08 00:00:00.000 

1886-08-05 00:00:00.000 

1886-07-12 00:00:00.000 

2 

65.83 

Hanari Carnes 

4 

10251 

VICTE 

3 

1886-07-08 00:00:00.000 

1886-08-05 00:00:00.000 

1886-07-15 00:00:00.000 

1 

41.34 

Victuailles en stock 

5 

10252 

SUPRD 

4 

1996-07-09 00:00:00.000 

1998-08-08 00:00:00.000 

1998-07-11 00:00:00.000 

2 

51.30 

Supremes delices 

6 

10253 

HANAR 

3 

1886-07-10 00:00:00.000 

1886-07-24 00:00:00.000 

1886-07-16 00:00:00.000 

2 

58.17 

Hanari Carnes 

7 , 


runpq 

1 F 

1qqq.n7.11 nn nn nn nnn 

iqqp.nq.nq nnnnnn nnn 

1qqq.n7.7q nn nn nn nnn 

7 

77 qq 

rkirin--?i ipii Phinfi^p _1 


) Execution de requete reussie, 


EXCELSIASTUDENT\SQLEXPRESS ... EXCELSIASTUDENT\Admini... master 00:00:00 830 lignes 


Ln 1 


Col 1 


Car 1 


INS 


After we need to download the JDBC 4.0 Microsoft SQL Server Driver: 

http://www.microsoft.com/fr-fr/download/details.aspx?id= 11774 


© Download Pilote JDBC 4.0 Microsoft pour SQL Server from Official Microsoft Download Center - Windows Internet Explorer 


mmm 




http ://www.nriicrosoft,com/fr-fr/download/details,aspx?id=l 1774 


T | | 11 X ] |, : P Trovi search 


PF 


Fichier Edition Affichage Favoris Outils ? 


. , Favoris ■ Download Pilote JDBC 4.0 Microsoft pour SQL Server f. 


Jl 


T Q £S?i T Page t Securite t Outils t 


En utilisant ce site, vous acceptez que les cookies soient utilises a des fins d'analyse, de pertinence et de publicity. 


S3 Microsoft 

Download Center ^ 

Acheter - Produits - Categories - Support - Securite ■ 


Pilote JDBC 4.0 Microsoft pour SQL Server 


Selectionnez 
une langue : 


Frangais 


J 


Telecharger 


Mises a jour 
gratuites pour PC 


Telechargez le pilote JDBC 4.0 Microsoft pour SQL Server, un 

pilote JDBC de type 4 offrant une connectivity de base de donnees par 

le biais des interfaces de programmation duplications (API) 

' 1 1 ":. """ ~ " 


Corrects de 
securite 
Mises a jour 
logicielles 
Service Packs 


±f^ 


Telechargement de I'image http://cdn.adnxs.eom/p/44/bc/8d/bc/44bc8dbcbc4203b6b6abbla 


» Internet 


"PS"- \90% - 
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Once de file download and extract you will get the following folder with a few various files: 



Now we open the SQL Server Configuration Manager: 



4^ Microsoft Update 

9 j ] Nouveau document Office 

ClJ Ouvrir un document Office 

1 

m 

Programmes 

► 

b 

Documents 

► 

& 

Parametres 

► 

p 

Rechercher 

► 

m 

Aide et support 


\EJ 

Executer... 



|Q 7-Zip 
IF?) Accessoires 
If?) CCleaner 
IF?) Defraggler 
IF?) Demarrage 
(Q DivX 

IF?) Google Chrome 
IF?) Java 
IF?) Maple 17 
IF?) Maple V Release 4 
(Q MATLAB 

Q Microsoft Download Manager 
l£) Microsoft Office 


i ji Outlook Express 
E Visionneuse Microsoft PowerPoint 
(3 Windows Media Player 
% Windows Movie Maker 
Windows Search 



jg Microsoft SQL Server 2008 ► 

% Outils de configuration ► 

Centre d'installation SQL Server 

ip] Oracle Database 1 lg Express Edition ► 
IF?) Outils d'administration ► 

IF?) Powertoys for Windows XP ► 

Importer et exporter des donnees (32 bits) 

IF?) Integration Services ► 

SQL Server Management Studio 

^ Gestionnaire de configuration SQL Server 

_ E^tacementTV^ 

Gesuui 11 ion e ue uji 11 igui auui 1 ueVepui ui ig Services 


I F?) Real 
IF?) VideoLAN 

& Windows PowerShell 1.0 
IF?) XAMPP 
|Q Adobe Reader 8 
£ Assistance a distance 
\g. DivX Player 

Internet Explorer 
4 MATLAB R2013a 
^Demarrer 0 [©] ^ MATLAB R2013c MSN 


m 


Fermer la session Administrate^.. 
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In the windows that will open we select the SQL Protocoles branch and on the right the 
TCP/IP protocol: 


fn Sql Server Configuration Manager 




Fichier Action Affichage ? 


^ -► \m is? ns 




s- 


Gestionnaire de configuration SQL Server (Local) 

t Services SQL Server 

_ Configuration du reseau SQL Server 
■ Protocoles pour SQLEtfPRESS 
Configuration de SQL Native Client 10.0 


Norm du protocole 


Etat 


IpMemoire partagee 
IP Canaux normrmes 

rm 

^VIA 1 ^ 


Active 

Desactive 


Desactive 


Desactive 


iL 


First we need to activate it by m; 




Norn du protocole 

IpMemoire partagee 
T" Canaux nommes 

TT 

IT VIA 


ck and selecting Activate: 

L 


Active 

Desactive 



Proprietes 


Aide 


MATLAB 
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One the TCP/IP activated you must restart the SQL Server in the Services branch by right 
clicking a selecting Restart: 


rfiti Sql Server Configuration Manager 

Fichier 

Action Affichage 1 


^ E 

m | 

if §!■ 

it 

® ® (■) © 


Gestionnaire de configuration SQL Server (Local) 
J Services SQL Server 

Configuration du reseau SQL Server 
jp Protocoles pour SQLEXPRESS 
E-'JlI. Configuration de SQL Native Client 10.0 


§■) Agent SQL Server (3 
v .j) SQL Server Browser 


Demarrer 

Arreter 

Suspendre 

Reprendre 


Once this is done we go back to the TCP/IP protocol an 


Norm du protocole 


Etat 


^Memoire partagee Active 

IjP Canaux nommes Desactive 

rWT 

IT via 



Aide 



The following windows will open and it is important to take note of the TCP dynamic port 
or to write a given one if the field is empty: 


1 


Proprieties de TCP/IP 


Protocole Adresses IP | 



Active 
Adresse IP 
Port TCP 

Ports TCP dynamiques 

□ ipz 
Actif 
Active 
Adresse IP 
Port TCP 

Ports TCP dynamiques 

□ IRAN 
Port TCP 

Ports TCP dynamiques 


| Oui 
Non 

192.168.131.65 


Oui 

Non 

127.0.0.1 




Actif 

Indique si I'adresse IP selectionnee est active. 


OK 


Annuler 


Appliquer 


Aide 


MATLAB 


742/1357 























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Now we write the following script to retrieve the data (ToDo: found a way to directly import 
the data into a dataset): 



1 - clear all;clc 

2 - dbName= 1 Northwind' ; 

3 - username= 1 sa 1 ; 

4- passuord= 1 passuord2008 1 ; 

5 - driver=' MICROSOFT SQL SERVER 1 ; 

6 - serverInstance= 1 EXCELSIASTUDENT\SQLEXPRESS 1 

7 

3 - javaclasspath(' C:\sqljdb\sqljdbc4.jar ' ) ; 

9 

10 - conn = database(dbName,username, password, 1 Vendor 1 ,driver,.. . 

11 'Server 1 , serverInstance, 'PortNumber' , 1188, 'AuthType 1 , 'Server'); 

12 

13 - ping(conn) 

14 

15- sqlQuery= [_' SELECT * FROM Northwind. dbo . Orders '] ; 

16 - curs=exec(conn,sqlQuery); 

17 - curs=fetch(curs); 

13 - curs.Data 

19 

20 - close(conn); 

21 - close(curs); 



And the result will also be a cell array structure 
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Connect to Yahoo! Finance 

Here we use the fetch() function of the database 2013a toolbox to retrieve data directly from 
Yahoo! Finance into MATLAB and plot them: 



1 close all; clear all; clc; 

2 

3 date_from=datenum( 1 Jan 1 2009'); 

4 date_to=datenum( 1 Aug 27 2013'); 

5 

6 stock=' SPY 1 ; 

7 

8 %we retrieve the close values (with the dates in the first column) 

9 adjClose = fetch(yahoo,stock, 1 adj close 1 ,date_from,date_to); 

10 %we retrieve the divident values (with the dates in the first column) 

11 div = fetch(yahoo,stock,date_from,date_to, 1 v 1 ); 

12 

13 %we calculate the returns 

14 returns=(adjClose(2:end,2) ./adjClose(1:end-1,2)-1); 

15 

16 % We plot adjusted close price of and mark days when dividends 

17 % have been announced 

18 plot(adjClose(:,1) ,adjClose(:,2), 1 color 1 ,[0.6 0.6 0.6]) 

19 datetick( 1 x 1 , 1 dd/mm 1 , 1 keepticks 1 ) ; 


The result gives (we already saw how to format dates in the chart chapter): 


*) Figure 1 

HHE3I 

File Edit View Insert Tools DeskJtop Window Help 



a 0 
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Statistics (with Statistical and Curve Fitting 
Toolbox) 

http://www.MathWorks.ch/ch/help/stats/release-notes.htnil 


We will focus now on the Statistics Toolbox of MATLAB but only on the mathematical tools 
and theorems that we have studied and proved in details during the theoretical course on 
statistics/data mining and machine learning. 


Datasets 

The first thing to know with the Statistical Toolbox is that you have the possibility to import 
or to convert external data to a structure named "dataset" that is similar in many points to the 
dataframes in R and can manage both: strings and numerical values (also including dates). 

Import/Export *.csv files as data set (data frame) 

Let us first see how to import directly as dataset using the function dataset() data from as 
*.csv file: 


MATLAB Command Window 


HHE3 


» mydata=dataset("File","c:\tmp\Sales_03.csu','Delimiter' 
» size(mydata) 


» mydata(1:1O,:) 
ans = 




NClient 

Actiuite 

NCommande 

DateDeCommande 

Article 

Quantite 

100 

'Assurances' 

1 

1 03.01.2000' 

'Compaq Presario 100' 

12 

123 

'Machines/Outils' 

2 

'03.01.2000' 

'IBM 500' 

2 

109 

' Education' 

3 

1 03.01.2000' 

'AST Intel 150 1 

5 

104 

'Education 1 

4 

'03.01.2000' 

■AST Intel 200' 

3 

117 

'Banques 1 

5 

■ 04.01 .2000' 

'Compaq Presario 1O0' 

13 

103 

'Assurances' 

6 

'04.01.2000' 

■AST Intel 150 1 

2 

104 

'Education 1 

7 

'04.01.2000' 

■AST Intel 200' 

2 

111 

'Alimentaire' 

8 

■ 04.01 .2000' 

■IBM 500' 

4 

113 

'Construction' 

9 

'04.01.2000' 

'Compaq Presario 100' 

4 

116 

'Pharmaceutique' 

10 

■ 04.01 .2000' 

'IBM 5O0 1 

2 

PrixParPiece Rabais 

PrixTotalAuecRabais FacturePayee 



1650 

■1.50V 

19503 

'Oui' 



2299 

1 0.00% 1 

4598 

'Oui' 



2690 

1 0.00% 1 

13450 

'Oui' 



3190 

1 0.00%' 

9570 

'Oui' 




hi 


A 


And here this is how such a structure looks like in the variables workspace: 


Workspace 

Name £- 

5ize 

Bytes 



H my data 109x10 48622 
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If you double click you can easily edit all data: 


mydata j 

PLOTS 

VARIABLE 

VIEW 

* 

& °P en T Rows 

Columns Transpose 

New from 

£-j Print ^ 1 

2 Insert Delete Sort ^ 

Selection ^ 



VARIABLE 

SELECTION T EDIT 

1* U 

% - - B 


mvdata <109x10 dataset> 


123 4 5678 9 10 

NClient Activite NCommande DateDeCommande Article Quantite PrixParPiece Rabais PrixTotalAvecRabais FacturePayee 


o 

o 

[Assurances' | 

1 

'03.01.2000' 

'Compaq Pre... 

12 

1650 

4.50%' 

19503 

'Oui' 

2 

123 ‘Machines/O... 

2 

'03,01,2000' t; 

JBM 500' 

2 

2299 

'0,00%' 

4598 

'Oui' 

3 

109 ‘Education 1 

3 

'03.01.2000' 

'A5T Intel 150' 

5 

2690 

'0.00%' 

13450 

'Oui' 

4 

104 ‘Education 1 

4 

'03.01.2000' 

'AST Intel 200' 

3 

3190 

'0.00%' 

9570 

'Oui' 

5 

117 'Banques' 

5 

'04,01,2000' 

'Compaq Pre... 

13 

1650 

4,50%' 

2,1128e+04 

'Oui' 

6 

103 'Assurances' 

6 

'04.01.2000' 

'AST Intel 150' 

2 

2690 

'0.00%' 

5380 

'Oui' 

7 

104 'Education' 

7 

'04.01.2000' 

'AST Intel 200' 

2 

3190 

'0.00%' 

6380 

'Oui' 

8 

111 

'Alimentaire' 

8 

'04,01,2000' 

'IBM 500' 

4 

2299 

'0,00%' 

9196 

'Oui' 

9 

113 

'Construction' 

9 

'04.01.2000' 

'Compaq Pre... 

4 

1650 

'0.00%' 

6600 

'Oui' 

10 

116 

'Pharmaceut... 

10 

'04.01.2000' 

'IBM 500' 

2 

2299 

'0.00%' 

4598 

'Oui' 

11 

110 'Distribution' 

11 

'05,01,2000' 

'AST Intel 200' 

6 

3190 

4,50%' 

1,8853e+04 

'Oui' 

12 

112 'Machines/O... 

12 

'05.01.2000' 

'Compaq Pre... 

6 

1650 

4.50%' 

9.7515e+03 

'Oui' 

13 

123 'Machines/O... 

13 

'05.01.2000' 

'IBM 500' 

6 

2299 

4.50%' 

1.3587e+04 

'Oui' 

14 

113 'Construction' 

14'05,01,2000' 

'AST Intel 150' 

3 

2690 

'0,00%' 

8070 'Gui' 

15 

115 'Distribution' 

15'05.01.2000' 

'Compaq Pre... 

8 

1650 

4.50%' 

13002 'Oui' 

16 

124 'Education' 

16'05.01.2000' 

'AST Intel 200' 

8 

3190 

4.50%' 

2.5137e+04 'Oui' 


ii___:_i 


To export a dataset to a *.csv file you just have to use the function export(): 



V 3 e t' ■ P ► C: ► 


Command Window © 


>> export(mydata , 1 File 1 , 1 c:\Sales.csv 1 r 1 Delimiter 1 f 1 ; 1 r 1 UriteVarNames 1 f true) 
fx » | 
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Like in R you can get a summary of the dataset using the function summary(): 


> MATLAB Command Wiriqow 


» mydata=dataset( 1 File 1 , 1 c:\tmp\Sales_03.csu', 1 Delimiter 1 f 1 ; 1 ); 
» summary(mydata) 

NClient: [109x1 double] 


min 

1st quartile 

median 

3rd quartile 

max 

100 

105 

113 

120.25 

127 

Actiuite: 

[109x1 cell string] 



NCommande 

: [109x1 double] 




min 

1st quartile 

median 

3rd quartile 

max 

1 

27.75 

55 

82.25 

109 

DateDeCommande: [109x1 cell 

string] 



Article: 

[109x1 cell string] 



Quantite: 

[109x1 double] 




min 

1st quartile 

median 

3rd quartile 

max 

1 

4 

6 

11 

33 

PrixParPiece: [109x1 double] 



min 

1st quartile 

median 

3rd quartile 

max 

1650 

1650 

2299 

3190 

3190 

Rabais: [109x1 cell string] 




PrixTotalAuecRabais: [109x1 

double] 



min 

1st quartile 

median 

3rd quartile 

max 

2690 

9196 

13587 

23027 

85219 
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Import *.xls/*.xlsx files as data set (data frame) 


Let us now see how to import directly as dataset using the function dataset() data from as 
*.xls or *.xlsx file (Microsoft Excel): 



This works well! 
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Convert structure array to data sets 

Sometimes (especially for databases) you cannot (as far as I know) directly import as dataset 
structure. Then it is useful to know how to convert a cell array to a dataset. 

For this purpose we need to loop across the columns (ToDo: find an easier way to do that): 


is 


H ^ 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 


clear all;clc 

format-Spec = 'hshshshshshshshshshs' ; 
filelD = fopen( 1 C:\t.mp\Sales_03.csv 1 ); 

dataArray = textscan(filelD, formatSpec, 1 Delimiter 1 , 1 ; 1 ); 
fclose (filelD); 

%we create a cell array of texts only of the same dimensions as data array 
%(minus the title for the rows) to convert everything as string 
raw = repmat({ 11 } f length(dataArray{1 }) f length(dataArray)-1); 
for col=l:length(dataArray) 

raw(:,col) = dataArray{col}; 

end 

mydata=|ce^^£datasetj[ raw) ; 


The result will be almost as expected!: 


HOME PLOTS APRS SHORTCUTS 


I Search Docunr 


m 


3 (a: 




m * 


^ ► C: ► 


Command Window © 



mydata = 



— 



NClient 

Activite 

NCommande 

DateDeCommande 



1 100' 

1 Assurances 1 

1 l 1 

1 03.01.2000' 



1 123 1 

1 Machines/OutiIs 1 

1 2 1 

1 03.01.2000' 



1 109' 

1 Education 1 

1 3 1 

1 03.01.2000' 



1 104 1 

1 Education 1 

1 4 1 

'03.01.2000' 



1 117' 

1 Banques 1 

'5' 

'04.01.2000' 



1 103 1 

1 Assurances 1 

1 6 1 

'04.01.2000' 



1 104 1 

1 Education 1 

. 7 . 

'04.01.2000' 



1 111 1 

1 Alimentaire 1 

1 S' 

'04.01.2000' 



1 113 1 

1 Construction 1 

1 9 1 

'04.01.2000' 



1 116' 

1 Pharmaceutique 1 

1 10' 

'04.01.2000' 



1 110' 

1 Distribution 1 

1 11' 

'05.01.2000' 



1 112 1 

1 Machines/OutiIs 1 

1 12 1 

'05.01.2000' 



1 123 1 

1 Machines/OutiIs 1 

1 13 1 

'05.01.2000' 



1 113 1 

1 Construction 1 

1 14' 

'05.01.2000' 



1 115' 

1 Distribution 1 

1 15' 

'05.01.2000' 



1 124' 

1 Education 1 

1 16' 

'05.01.2000' 


h 

1 124' 

1 Education 1 

1 17' 

'05.01.2000' Zl 



d 



—-1 2T 



Name L 

| Size 

|Bytes 

Jjans 

lxl 

8 

^jCOl 

lxl 

8 

Oj dataArray 

1x10 

79658 

2 FilelD 

lxl 

8 

an.:, formatSpec 

1x20 

40 

j-fij mydata 

109x10 

80520 

O] raw 

110x10 

79058 


Workspace 


But we still have to convert the numeric string values to real pure numeric values with the 
function str2double(): 
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Command Window 




© 

>> mydata.NClient = str2double(mydata.NClient); 


.A. 

>> mydata(1: 

10,1:5) 




ans 

= 






1 

NClient 

Activite 

NCoimiande 

D at e D e C oimiande 

Article 


100 


1 Assurances 1 

1 l 1 

1 03.01.2000' 

'Compaq Presar 


123 


1 Machines/OutiIs 1 

1 2 1 

1 03.01.2000' 

'IBM 500' 


109 


1 Education 1 

1 3 1 

' ' 

'AST Intel 15C 


104 


1 Education 1 

1 4 1 

'03.01.2000' 

'AST Intel 20C 


117 


1 Banques 1 

1 5 1 

'04.01.2000' 

'Compaq Presar 


103 


1 Assurances 1 

1 6 1 

'04.01.2000' 

'AST Intel 15C 


104 


1 Education 1 

1 7 1 

'04.01.2000' 

'AST Intel 20C 


111 


1 Alimentaire 1 

1 S' 

'04.01.2000' 

'IBM 500' 


113 


1 Construction 1 

1 9 1 

'04.01.2000' 

'Compaq Presar 

h 

44*- 


1 Pharmaceutique 1 

1 10 1 

'04.01.2000' 

'IBM 500' 

<1 






1_tC 


Then you can do as script of this: 




m 




1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 

15 


clear all;clc 

formatSpec =l %s%s%s%s%s%s%s%s%s%s 1 ; 
fileID=fopen( 1 C:\tmp\Sales_03.csv 1 ); 

dataArray=textscan(filelD,formatSpec, 1 Delimiter 1 , 1 ; 1 ) ; 
fclose (filelD); 

rau=repmat ({ 1 1 } , length (dataArray{ 1} ) , length (dataArray) -1) ; 
for col=l:length(dataArray) 

raw(:,col)=dataArray{col}; 

end 

mydata=cell2dataset(raw); 
tool_dataset=ismissing(mydata); 
cleanData=mydata(-any(tool_dataset,2), :); 

cleanData.Day=day(datenum(cleanData.DateDeCommande f 1 dd.mm.yyyy 1 
cleanData.Quantite=str2double(cleanData.Quantite) ; 
clearvars -except cleanData; 
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Clean messy or missing data in datasets 


Cleanings messing or missing datas is a major topic in finance and there are a lot of technics 
for this job. One of the most basic one is just to remove the problematic rows. 


For the example consider the following dataset: 


MATLAB Command Window _ BHB 


» mydata=dataset('File','c:\tnp\SalesToClean.csu','Delimiter',';'); 
» mydata(1:10,1:5) 

ans = 


NClient 

Actiuite 

NCommande 

DateDeCommande 

Article 

100 

'Assurances' 

1 

'03.01 .2000' 

'Compaq Presario 

123 

'Machines/Outils' 

2 

'03.01 .2000' 

'IBM 500' 

109 

'Education' 

3 

nn 

'AST Intel 150' 

104 

'Education' 

4 

'03.01 .2000' 

■AST Intel 200' 

117 

'Banques' 

5 

'04.01.2000' 

'Compaq Presario 

103 

' Assurances' 

6 

'04.01.2000' 

'AST Intel 150' 

104 

1 Education 1 

7 

'04.01.2000' 

'AST Intel 200' 

111 

'Alimentaire' 

8 

'04.01.2000' 

'IBM 500' 

113 

'Construction' 

9 

'04.01.2000' 

'Compaq Presario 

116 

'Pharmaceutique' 

10 

'04.01.2000' 

'IBM 500' 



To remove the missing data rows we will first use the ismissing( ) function: 


■» MATLAB Command Window 








HHE3| 

|» mydata= 

=dataset( ' File ' ,' c: 

:\tmp\SalesToClean , 

.CSU', 

,' Delimiter ',';■); 



bol_dataset= 

dismissing(mydata) 








boldataset = 











0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


III 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


III 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


:H| 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


iigi 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


III 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


±1 
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And after we use the any() function to extract only problematic rows or to eliminate 
problematic rows: 


MATLAB Command Window 


HHIE3 


» messyData=mydata(any(bol_dataset,2),:) 
messyData = 


» cleanData=nydata(~any(bol_dataset,2),; 
» cleanData(1: 18,1: 5) 




NClient 
189 


Actiuite 
'Education' 


NCommande 

3 


er 


DeCommande 


Article 

'AST Intel 158' 


Quantite 

5 


PrixParPiece 

2698 


Rabais 
' 8 . 08 V 


PrixTotalAuecRabais 

13458 


FacturePayee 
' Oui' 


NClient 

Actiuite 

NCommande 

DateDeCommande 

Article 

188 

'Assurances' 

1 

'83.81 .2888' 

'Compaq Presario 188' 

123 

'Machines/Outils' 

2 

1 83.01 .2888' 

'IBM 588' 

184 

'Education' 

4 

' 83.81 .2888' 

'AST Intel 288' 

117 

' Banques' 

5 

■84.81.2888' 

'Compaq Presario 188' 

183 

'Assurances' 

6 

'04.81.2888' 

'AST Intel 158' 

184 

' Education' 

7 

'84.81.2888' 

'AST Intel 288' 

111 

'Alimentaire' 

8 

'84.01.2888' 

'IBM 588' 

113 

'Construction' 

9 

'84.81.2888' 

'Compaq Presario 188' 

116 

'Pharmaceutique' 

10 

■84.81.2888' 

■IBM 588' 

118 

'Distribution' 

11 

'85.81 .2888' 

'AST Intel 288' 


Lil 




Another typical cleaning process is to reformate dates. Here is the beginning of such an 
example (take care! to use the month() function you must have the Finance Toolbox for 
recall!!!!): 


Command Window 


>> cleanData. Month=month (datenum (cieanData. DateDeCommande , ' dd.mm. yyyy' ) ) ; 
>> cleanData(1:3) 


ans = 


h 


NClient 

Activite 


NCommande 

DateDeCommande 

1 100' 

1 Assurances 1 

1 l 1 

1 03.01.2000' 

1 123 1 

1 Machines/Outils 1 

1 2 1 

'03.01.2000' 

1 10 4' 

1 Education 1 

1 4 1 

'03.01.2000' 

Article 


Quantite 

PrixParPiece Rabais 

'Compaq Presario 100' 

1 12 1 

1 1650' 

'1.50%' 

1 IBM 500' 


1 2 1 

1 2299' 

'0.00%' 

1 AST Intel 

200' 

1 3 1 

1 3190' 

'0.00%' 

PrixTotalAvecRabais 

FacturePayee 

Month 


1 19503 1 


1 Oui 1 

1 


1 4598 1 


1 Oui 1 

1 


1 9570' 


1 Oui 1 

1 
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Select/Remove column (variable) 

One very common question about dataset is how it is possible to remove on column 
(variable). For this consider we want to remove the column PrixTotalAvecRabais. The syntax 
will be the following: 


Command Window 


© 


Workspace 


>> mydata. Pr ixTota!AvecRai:iais= [] 

; 




— 

>> mydata(1:10, 

:) 






ans = 







NClient 

Activite 


NCommande 

DateDeCommande 


100 

'Assurances' 


' 1' 


1 03.01.2000' 


123 

'Machines/OutiIs' 


' 2 1 


1 03.01.2000' 


109 

'Education 1 


' 3 1 


1 1 


104 

'Education 1 


' 4 1 


1 03.01.2000' 


117 

'Banques' 


'5' 


1 04.01.2000' 


103 

'Assurances' 


' 6' 


'04.01.2000' 


104 

'Education 1 


' 7 1 


1 04.01.2000' 


111 

'Alimentaire' 


'S' 


'04.01.2000' 


113 

'Construction 1 


' 9 1 


1 04.01.2000' 


116 

'Pharmaceutique' 


' 10' 


'04.01.2000' 


Article 


Quantite 

PrixParPiece Rabais 

FacturePayee 

'Compaq Presario 100' 

' 12 ' 


'1650' 

' 1.50%' 

' Oui' 

1 IBM 500' 


' 2 ' 


'2299' 

'0.00% 1 

' Oui' 

■AST Intel 

ISO' 

'S' 


'2690' 

'0.00% 1 

' Oui' 

j x 'AST Intel 

200' 

' 3 ' 


'3190' 

'0.00% 1 

'Oui' 

T 


Name L. 

Size 

l^ans 

10x9 

~H cleanData 

0x0 

^_,col 

lxl 

Oj dataArray 

1x10 

filelD 

lxl 

at-:, formatSpec 

1x20 

H-H mydata 

logfTl 

TI, raw 

110x10 


Al 


'Si' 



Create subsets and filte 


Another very co m mon question is h 
For this the syntax is simply the follow! 


iow to select a subset 
owing: 


of rows and columns of a dataset. 


Command Window © 


>> target_data=mydata(1:10,{ 1 NClient 1 , 1 Article 1 }) 
target_data = 


NClient 

Article 


1 100 1 

1 Compaq Presario 

100 

1 123 1 

1 IBM 500' 


1 109' 

1 AST Intel 150' 


1 104' 

1 AST Intel 200' 


1 117' 

1 Compaq Presario 

100 

1 103 1 

1 AST Intel 150' 


1 104' 

1 AST Intel 200' 


1 111 1 

1 IBM 500' 


1 113 1 

1 Compaq Presario 

100 

1 116' 

1 IBM 500' 



F » 


A 
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Or if you need to create a subset trough a filter, the syntax is the following for numerical 
values: 


Command Window 


>> target_data=:mydata (inydata. Quant ite== 10, : ) 
target_data = 


NClient 


Activite 


NCoimiande DateCommande 


'118' 'Education' '61' 

'101' 'Construction' '76' 


1 18.01.2000' 
1 21 . 01 . 2000 ' 


© 


Article 
1 IBM 500' 

'AST Intel 200 


Quantite PrixParPiece 

10 2299 

10 3190 


Rabais 
'1.50% 1 
'1.50% 1 


FacturePayee PrixTotal 

1 Oui 1 22990 

'Non' 31900 

h » I 



For strings this is a little bit more com] 
to do this job): 


ite (To' 


>und if there is not a more simple way 
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Delete rows and clean duplicates 

Delete rows in a dataset is exactly similar to delete rows in a matrix or vector. The syntax is 
just the following: 


Command Window 


>> ^delete last 10 rows 
>> mydata(end-9:end, : ) = 

k » I 


[]; 


Workspace 


Name L. 

15ize 

(Bytes 

{} ans 

1x10 

780 

dd col 

lxl 

8 

Q| dataArray 

1x10 

79638 

j] filelD 

lxl 

8 

aiic] formatSpec 

1x20 

40 

mydata 

| 99x10 | 

55598 

|{I| raw 

110x10 

79038 

Ei temp 

lxl 

1810 


The function to clean the duplicates of a dataset is the same as for cleaning duplicates in a 
vector or matrix. It use the unique( ) function: 


Command Window 


>> inydata= unique (mydata) 

Jx » 


Add variables 

One of the most common 
we want to add a new column w 




ipulation is to add new variable Consider the case where 
e results is the arithmetic operation of other columns: 


Command Window 


>> mydata.Quantite=str2double(mydata.Quantite); 

>> mydata.PrixParPiece=str2double(mydata.PrixParPiece); 
>> mydata.Total=mydata.Quantite.*mydata.PrixParPiece; 

>> mydata(1:5,:) 


h 


NClient 

Activite 


NCommande 

D at e D e C ommande 


1 100 1 


'Assurances' 


' 1' 

'03.01.2000' 


1 123 1 


'Machines/Outils 

1 

' 2 ' 

'03.01.2000' 


1 109 1 


'Education' 


' 3 ' 

i i 


1 1G4 1 


'Education' 


' 4' 

'03.01.2000' 


1 117 1 


'Banques' 


' S' 

'04.01.2000' 


Article 


Quantite 

PrixParPiece Ralnais 

FacturePayee 

'Compaq Presario 100' 

12 

1650 

'1.50%' 

' Oui' 

1 IBM 500' 


2 

2299 

'0.00%' 

' Oui' 

1 AST Intel 

150' 

5 

2690 

'0.00%' 

' Oui' 

■AST Intel 

200' 

3 

3190 

'0.00%' 

' Oui' 

'Compaq Presario 100' 

13 

1650 

1 1.50%' 

' Oui' 

Total 







19S00 
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Change variable name 

Change a variable name could be very easy but the manipulation is a little bit strange to in 
MATLAB. We have get the old name before by using the property (or Method?) VarNames 
before we can be able to change the name. 


Command Window 


>> temp=get (mydata) ; 
>> temp.VarNames 


Columns 1 through 6 

'NClient' 1 Activite 1 1 NCommande 1 

Columns 7 through 1G 

'PrixParPiece' 'Rahiais' 1 FacturePayee 1 

>> mydata.Properties.VarNames{4} = 1 DateCommande 1 ; 
>> temp=get(mydata); 

>> temp.VarNames 


Columns 1 through 6 

'NClient' 'Activite' 'NCommande' 

Columns 7 through 1G 


DateDeCommande' 


1 Article' 


'Quantite' 


'PrixTotal' 


1 DateCommande 


> I > 


Article' 


'Quantite' — 


Change column order 

ToDo... (search a better way than recreating a new dataset...) 



MATLAB 


756/1357 













Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Sort a dataset 

The command to sort a dataset in MATLAB is very simple. You just have to use the 
commande sortrows(): 


Command Window 




>> sortrows(mydata(randsample(length(mydata), 3 . 
{ 1 NClient 1 , 'PrixParPiece 1 },{ 1 ascend 1 , ' descend 1 }) 

ans = 


NClient 

Activite 

NCorranande 

DateCommande 

1 103 1 

1 Assurances 1 

1 70' 

1 19.01.2000' 

1 104 1 

1 Education 1 

1 4 1 

1 03.01.2000' 

1 114' 

1 Distribution 1 

1 2 S 1 

'07.01.2000' 


Article 

Quantite 

PrixParPiece 

Rabais 

'AST Intel 150' 

12 

2 690 

'1.50% 

'AST Intel 200' 

3 

3190 

'0.00% 

'AST Intel 200' 

9 

3190 

'1.50% 


FacturePayee 

PrixTotal 

' Non' 

3 2 2 SO 

' Oui' 

9570 

1 Oui' 

28710 


h » 
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Merge datasets 


Another typical is to be able to merge two datasets having the same number of columns and 
same order of columns. For this purpose we simply use the functions union( ) as for vectors: 


Command Window © 

>> ds banks= 

=mydata (f ind (strncmp (inydata. Activite 

, 1 Banques 1 ,length( 1 Banques 1 ))),: 

); 

>> ds ass=mydata(find(strncmp(mydata. 

.Activite, 1 

Assurances 1 ,length( 1 Assurances 1 ) 

)),:); 

>> union(ds 

banks,ds ass) 




ans = 





NClient 

Activite 

NCommande 

D at e C oimiande 


1 105 1 

1 Banques 1 

1 59' 

1 18.01.2000' 


1 105 1 

1 Banques 1 

1 86' 

1 25.01.2000' 

— 

1 105 1 

1 Banques 1 

00 

-j 

'25.01.2000' 


1 117 1 

1 Banques 1 

'5' 

'04.01.2000' 


1 117 1 

1 Banques 1 

1 54' 

' 17.01.2000' 


1 117 1 

1 Banques 1 

1 68' 

' 19.01.2000' 


1 12 0 1 

1 Banques 1 

1 31' 

' 10.01.2000' 


1 12 0 1 

1 Banques 1 

1 67' 

' 19.01.2000' 


1 100 1 

1 Assurances 1 

1 l 1 

'03.01.2000' 


1 100 1 

1 Assurances 1 

1 23 1 

'06.01.2000' 


1 100 1 

1 Assurances 1 

1 45' 

' 12.01.2000' 


1 100 1 

1 Assurances 1 

1 50' 

' 13.01.2000' 


1 103 1 

1 Assurances 1 

1 29' 

'07.01.2000' 


1 103 1 

1 Assurances 1 

1 55' 

' 18.01.2000' 


1 103 1 

1 Assurances 1 

' 6' 

'04.01.2000' 


1 103 1 

1 Assurances 1 

' 70' 

' 19.01.2000' 


fa ' 103 1 

1 Assurances 1 

1 74' 

'20.01.2000' 

zl 
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Dataset tabulations and crosstab analysis 

Frequencies analysis of a dataset is very useful in many applications for charting or statistical 
analysis (we will also see a very important application stratified random sampling further). 


Here is an first overview of the tabulate( ) function: 


MATLAB Command Window 



RHTE3I 

|» tabulate(mydata.Secteurs) 



Ualue Count 1 

Percent 


Assurances 

27 

10.67% 


Machines/Outils 

37 

14.62% 


Education 

44 

17.39% 


Banques 

20 

7.91% 


Alimentaire 

15 

5.93% 


Construction 

54 

21.34% 


Pharmaceutique 

28 

11.07% 


Distribution 

28 

11.07% 


resume=tabulate(mydata.Secteurs) 


resume = 




1 Assurances 1 

[27] 

[10.6719] 


1 Machines/Outils 1 

[37] 

[14.6245] 


1 Education 1 

[44] 

[17.3913] 


1 Banques 1 

[20] 

[ 7.9051] 


1 Alimentaire' 

[15] 

[ 5.9289] 


1 Construction 1 

[54] 

[21.3439] 


1 Pharnaceutique 1 

[28] 

[11.0672] 


1 Distribution 1 

[28] 

[11.0672] 


» resume(: f 3) 




ans = 




[10.6719] 

[14.6245] 

[17.3913] 

[ 7.9051] 

[ 5.9289] 

[21.3439] 

[11.0672] 




[11.0672] 

jlJ 



A 


We get the same values as in R and Microsoft Excel... ouf! 

And now and look to the crosstab( ) function where we can see that for sure... we are far 
away from the flexibility of a spreadsheet software: 
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* MATLAB Command Window 


» [tbllabels]=crosstab(mydata .Secteurs,mydata .Article) 
tbl = 


9 

6 

9 

3 

9 

6 

16 

6 

11 

6 

12 

15 

4 

9 

7 

e 

4 

5 

e 

6 

14 

17 

6 

17 

4 

8 

4 

12 

7 

4 

e 

17 


labels = 


' Assurances' 

'Compaq Presario 

100' 

1 Machines/Outils' 

' IBM 

500' 



'Education' 

'AST 

Intel 

150' 


'Banques' 

'AST 

Intel 

200' 


'Alimentaire' 




[] 

'Construction' 




[] 

'Pharmaceutique' 




[] 

'Distribution' 




[] 
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Random sample of a dataset 

Simple random sampling (equal probabilities) 

Sampling in quality control is an important step of statistical inference. For this purpose the 
method is the same as the one for vectors using the functions randsamplel) and length() 
together: 


Command Window 


© 


>> mydata(randsample(length(mydata),3), :) 


ans = 


NClient 

Activite 

NCommande 

DateComande 

1 122 1 

1 Distribution 1 

1 49 1 

1 13.01.2000' 

1 111 1 

1 Alimentaire 1 

1 SO 1 

1 24.01.2000' 

1 113 1 

1 Construction 1 

1 95' 

'27.01.2000' 


Article 

Quantite 

PrixParPiece 

Rabais 

'AST Intel 200' 

7 

3190 

'1.50% 

'AST Intel 200' 

2 

3190 

'0.00% 

'IBM 500' 

6 

2299 

'1.50% 


FacturePayee 
1 Oui 1 
1 Non 1 
'Non' 


PrixTotal 
22330 
6380 
13794 


h » 



MATLAB 


761/1357 







Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Balanced Stratified random sampling (unequal probabilities) 

We know that the previous example did not respect any proportions of whatever is the content 
of the dataset. Now suppose we want to respect to have the same number of Activity Sectors 
columns (it very important sometimes in surveys analysis to have identical proportions). 

For this purpose we will use the following dataset of 254 records: 


StratriedSarrp inj 

;j - B1 c c - - l :e; 



Fichier Edition F 

oimat Affkhacje 7 


^TClient;S e cteurs ;S e cteursC o de ;NC ommande ;D ateD eC ommande;Article ;Quantite ;PmP arPie c e * 

100;Assurances;l ;1 ;13.07.2000;Compaq Presario 100;12;lb50;l ,5O%;195O3;0ui 
123 ;M achine s/Outils ;2 ;2; 13 .OS ,2004;IBM 500 ;2 ;2299 ;0.00% ;459S ;Oui 

109 ;Educ ation;3 ;3 ;07,0S .2002;AST Intel 150;5;2b90;0.00%;13450;0ui 
104;Educ ation;3 ;4;29 .OS .2003;AST Intel 200 ;3 ;3190 ;0.00% ;9570 ;Oui 

117 ;B anque s ;4;5 ;31.01.2003 ;C omp aq Pre s arid 100;13;lb50;1.50%;2112S.25;Oui 
103;Assurances;l ;b;09.02.2001 ;AST Intel 150;2;2b90;0.00%;53S0;Oui 
104;Educ ation;3 ;7 ;07.01.2001;AST Intel 200 ;2 ;3190 ;0.00% ;b3S0 ;Oui 
111; Alimentaire ;5 ;S ;05.0b .2004;IBM 500 ;4;2299;0.00% ;919b ;Oui 
113 ;C onstruction;b ;9 ;2b. 12.2001 ;C omp aq Pre s ario 100 ;4; 1b50 ;0.00% ;bb00 ;Oui 
11b ;Pharmac eutique ;S ;10 ;04.11.2001 ;IBM 500 ;2 ;2299 ;0.00% ;459S ;Oui 

110 ;Distribution;S; 11 ;23.09.2003;AST Intel 200 ;b ;3190; 1.50%; 1SS52.9 ;Oui 

112;Machines/Outils;2;12;09.02.2002;Compaq Presario 100;b;lb50;l .50%;9751.5;Oui 
123;Machines/Outils;2;13;27.12.2004;IBM 500;b;2299;1.50%;135S7.09;Oui 
113;Construction;b;14;17.07.2003;AST Intel 15O;3;2b9O;O.OO%;SO7O;0ui 
115 ;Distribution;S; 15 ;21.01.2003 ;C omp aq Pre s ario 100 ;S; 1 b50; 1.50%; 13002 ;Oui 
124;Educ ation;3; 1 b ;20.10.2001;AST Intel 200 ;S ;3190; 1.50% ;25137.2 ;Oui 
124;Educ ation;3; 17 ;07.03.2001 ;C omp aq Pr e s ano 100; 11; 1 b50; 1.50%; 17S77.75 ;Oui 
10b ;C onstruction;b ; 1S ;0b ,0b .2001 ; AST Intel 200 ;11 ;3190 ; 1.50% ;345b3 .65 ;Oui 
101 ;Construction;b;19;24.0S.2004;Compaq Presario 100;14;lb50;1.50%;22753.5;Non 
1 lb;Pharmaceutique;S;20;30.05.2000;IBM 500;7;2299;1.50%;15S51 .b05;Non 
112;Machines/Outils;2;21;23.0b.2001 ;AST Intel 150;b;2b90;l ,50%;15S97.9;Oui 
125 ;C onstruction;b ;22 ;29.12.2002 ;C omp aq Pre s ario 100 ;23; 1 b50 ;3.00% ;3bS 11.5 ;Oui 
100;Assurances; 1 ;23;13.04.2003;IBM 500;3;2299;0.00%;bS97;Oui 
125;Construction;b;24;21.09.2001 ;AST Intel 200;2;3190;0.00%;b3S0;Oui 


We write the following script: 
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5tratified5ampli... x 


1 - 
2 - 

3 

4 - 

5 - 

6 

7 - 
3 - 
9 - 
10 - 
11 

12 - 

13 - 

14 - 

15 - 

16 - 
17 - 
13 - 

19 

20 - 


clc;clear all 

mydata=dataset [ 1 File 1 , 1 c : \ tmp\ Stratif iedSampling. csv 1 , 1 Delimiter 

fraction = 0.3; %Take care! Must not be to high for randsample[) 
observations=mydata.SecteursCode; 

classes = unique(observations); 
nObs = length(observations) 
nClasses = length(classes) 

nSamples = round(nObs * fraction / nClasses) 

F for ii = l:nClasses 

idx = observations == classes(ii); 
filterData=mydata(idx,:); 
if ii==l 

samples=filterData(randsample(length(filterData) , nSamples),:); 

else 

samples=union(filterData(randsample(length(fiIterData), nSamples),:),samples); 

end 

end 



nObs = 


253 



And if we take a lot to the content of the samples variable: 
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samples <72x11 dataset> 


1 

2 

3 

4 

5 

6 

7 

8 

9 




NClient 

5ecteurs 

SecteursCode 

NCommande 

DateDeCommande 

Article 

Quantite 

PrixParPiece 

Rabais 



1 | lll|'Alimer^aire' 

5 

32 

'31.07.2004' 

'Compaq Pre... 

16 

1650 

'3.00%' 

A 

2 

111 'Aliment&re' 

5 

80 

'06.04.2000' 

'A5T Intel 200' 

2 

3190 

'0.00%' 


3 

127 

'Alimentaire' 

5 

34 

'03.07.2003' 

'IBM 500' 

7 

2299 

'1.50%' 


4 

127 

'Alimentaire' 

5 

44 

'27.08.2002' 

'A5T Intel 200' 

2 

3190 

'0.00%' 


5 

127 

'Alimentaire' 

5 

58 

'31.08.2000' 

'Compaq Pre... 

7 

1650 

'1.50%' 


6 

127 

'Alimentaire' 

5 

142 

'03.07.2003' 

'IBM 500' 

7 

2299 

'1.50%' 


7 

127 

'Alimentaire' 

5 

166 

'31.08.2000' 

'Compaq Pre... 

7 

1650 

'1.50%' 


8 

127 

'Alimentaire' 

5 

208 

'27.08.2002' 

'A5T Intel 200' 

2 

3190 

'0.00%' 


9 

127 

'Alimentaire' 

5 

227 

'27.08.2002' 

'A5T Intel 200' 

2 

3190 

'0.00%' 


10 

100 

'Assurances' 

1 

45 

'10.10.2003' 

'AST Intel 200' 

4 

3190 

'0.00%' 


11 

100 

'Assurances' 

1 

153 

'10.10.2003' 

'AST Intel 200' 

4 

3190 

'0.00%' 


12 

100 

'Assurances' 

1 

233 

'10.03.2004' 

'AST Intel 150' 

13 

2690 

'1.50%' 


13 

103 

'Assurances' 

1 

6 

'09.02.2001' 

'AST Intel 150' 

2 

2690 

'0.00%' 


14 

103 

'Assurances' 

1 

137 

'10.12.2004' 

'Compaq Pre... 

6 

1650 

'1.50%' 


15 

103 

'Assurances' 

1 

178 

'06.10.2001' 

'AST Intel 150' 

12 

2690 

'1.50%' 


16 

103 

'Assurances' 

1 

184 

'24.09.2000' 

'Compaq Pre... 

8 

1650 

'1.50%' 


17 

103 

'Assurances' 

1 

195 

'06.10.2001' 

'AST Intel 150' 

12 

2690 

'1.50%' 


18 

103 

'Assurances' 

1 

252 

'10.12.2004' 

'Compaq Pre... 

6 

1650 

'1.50%' 


19 

105 

'Banques' 

4 

59 

'27.11.2004' 

'IBM 500' 

9 

2299 

'1.50%' 


20 

105 

'Banques' 

4 

86 

'12.08.2003' 

'Compaq Pre... 

19 

1650 

'3.00%' 


21 

105 'Banques' 

4 

167 '27.11.2004' 

'IBM 500' 

9 

2299'1.50%' 



iJ 



1 






We can see that each Sector occurs equally! 
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Stratified random sampling (unequal probabilities) 

And now if we want a sample of a given size but respecting the proportion of each sector, we 
just have to modify a little bit the previous example: 


| 5tratified5ampli... x 


1 

- 

clc;clear all 


2 

3 

- 

mydata= 

dataset ('File 1 , 'c:\tmp\StratifiedSampling.csv 1 , 1 Delimiter 


4 

C 

- 

observations=mydata.SecteursCode; 


3 

6 

- 

classes 

= unique(observations); 


1 

- 

res ume = 

tabulate(observations) ; 


8 

- 

nObs = 

length(observations); 


9 

- 

nClasses = length(classes); 


10 

- 

nSamples = 5o|; 


11 





12 

- E 

for ii 

= 1:nClasses 


13 

- 

idx 

= observations == classes(ii); 


14 

- 

fiIterData=mydata(idx,:); 


15 

- 

StrataSamples=round((resume(ii,3)/100) *nSamples) 


16 

- 

if 

i i = = 1 


17 

- 


samples=fiIterData(randsample(length(filterData), StrataSamples),:) 

; 

18 

- 

else 


19 

- 


samples=union(filterData(randsample(length(filterData), StrataSampl 

es),:),samples); 

20 

- 

end 


21 

- 

end 





If we take a look to the samples variable: 


We can see that proportions are preserved and the results are the same as with the R software. 
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Plots 

We have study during a very (too much) long time possible charts using only the core version 
of MATLAB (see page 262). 

In this chapter we will focus on charts that can be done especially with the Statistical 
Toolbox. 

Histogram/CDF/PDF 

Create histograms is a very common task asked by many statistical softwares users even if it 
is not the best way to analyze the shape of data because of the bias of bin width. 

The first method used the combination of functions hist(), bar(), trapz() and cdfplot() to 
plot on the same chart a histogram, a CDF and a PDF: 


EDITOR PUBLISH VIEW 

UH 

US im ^ & B © 




1 

^Reminder: For a probability density 

function. 

the 

integral over the entire space is 1. 

2 

^Dividing by the sum will not give you the correct 

density. 

3 

>i 

% To get the right density, you must 

divide by 

the 

area. 

5 

nb Simulation=10000; 




6 

mu=2;sigma=l; 




7 

y=normrnd(mu,sigma,nb Simulation,1); 




8 

■Ei 

tH 

o 

i 

ii 
k 




9 

[f, x] =hist(y,x); 




10 

bar(x,f/traps(x,f), 1 g 1 ); 




11 





12 

hold on; 




13 

plot(x,normpdf(x,mu,sigma) , 1 r 1 ) ; 




14 





15 

cdfplot(y) 




16 

legend( 1 histogram 1 , 1 theor. density 1 , 1 

ECDF 1 ); 





The result is visible on the next page. 
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The second method is a variant using ecdf() instead of using a plot of the function with 
cdf(): 


EDITOR PUBLISH VIEW 

GS HI 4 

1- ^ B (2) 



1 

^Reminder: For a probability density function. 

the 

integral over the entire space is 1. 

2 

^Dividing by the sum will not give you the correct 

density. 

3 

>1 

% To get the right density, you must divide by 

the 

area. 

5 

nb Simulation=10000; 



6 

mu=2;sigma=l; 



7 

y=normrnd(mu,sigma,nb Simulation,1); 



8 

x=-4:0.1:6; 



9 

n=hist(y,x); 



10 




11 

[y2,x2] = ecdf(y); 



12 

[yl,xl] = hist(y,x); 



13 

plotyy(xl,yl,x2,y2,@ (x,y)bar(x,y/trapz(x,y) ,1, 1 

CJ 1 ) , 

1 stairs 1 ); 

14 

hold on; 



15 

plot(x,normpdf(x,mu,sigma), 1 r 1 ); 



16 

legend( 1 histogram 1 , 1 ECDF 1 ) ; 



17 

grid on;| 
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The result will be: 
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Box-Whisker plot 

Compare to R, the Box-Whisker plot in MATLAB are very poor in possibilities and fine 
tuning but let us see an example using the function boxplot(): 


Command Window 

>> boxplot(cleanData.Quantite,cleanData.Weekday) 
>> grid on; 


h » 


Figure I 


File Edit View Insert Tools Desktop Window Help 


M J a & \k % ^ O 8 « A - a DU a 0 


30 h 
25 
20 
15 
10 
5 
0 


+ 


-X 


+ 

+ 


+ 


4 

1 

1 

T -r 












T 
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L 



MATLAB 


769/1357 





















































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Scatter Group plot 

To simplify the management of multiple dot plots with datasets, MATLAB Statistical 
Toolbox has a gscatter() function to simplify a little bit the fact that we often need to plot 
groups of points with different colors: 


EDITOR 

PUBLISH 

VIEW 

IjnJ 

^ <s> B 



1 gscatter [cleanData. Day, cleanData. Quant ite, cleanData. Act ivite, 1 rgymkbc 1 ) 

2 %there is not enough color for the last group of Activity... 

3 %this is why gscatter sucks 

4 xlabel( 1 Day of Month 1 );ylabel( 1 Quantity 1 ); 

5 x 1 ini ( [ 0 31] ) ; 

6 grid on; 
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QQ plot 

QQ plot are often used to check qualitatively the normality of data. For this purpose we have 
a qqplotl) function in the MATLAB Statistical Toolbox: 

The main purpose of this example is just to compare the result with those of Minitab and R 
using the same data: 


MATLAB Command Window f rn 


» qqplot([-1.2 0.2 -0.6 0.08 -1]) 
» grid on 



UJ 


► 
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Histogram Scatter 

Histogram scatters are very useful plots in finance and very flexible in R. But has such a plot 
with the function scatterhistf) but the result is very hard to customize in comparison of R. 

Using our asset data sample: 


> MATLAB Command Window HHQ 


» T=[-0.017516 -0-328775 0.023053 0.003086 0.000616; 
-0.198426 -0.020374 -0.1014156 -0.106059 -0.093423; 
0.122761 0.197863 0.103410 0.023046 0.057627; 
-0.034988 0.063419 0.038501 0.054376 -0.086538; 
-0.000267 0.018141 0.023415 0.040521 0.125614; 
-0.002667 -0.172160 -0.060057 -0.023602 0.015586; 
0.021390 -0.180791 0.009128 0.084602 0.042971; 
0.142932 0.153366 0.030151 0.042345 0.041789; 
0.072148 -0.232346 0.027317 0.015608 -0.049718; 
-0.034822 -0.229599 0.037037 0 -0.007729; 

-0.039398 -0.545980 -0.075092 -0.043158 -0.014979 ; 
- 0.082719 0.558855 -0.110891 -0.329373 -0.102798]; 

» |scatterhist(T(:,1) f T(:,2)) | 

» 



We get: 


1* Figure 1 





File Edit View Insert 

Tools Desktop Window 

Help 




% % o id 

□ 0 


1 

0.5 

-i >, 0 

-0.5 

-1 

- 0.2 - 0.1 0 0.1 0.2 
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Copulas 

Copulas is a major subject if finance and because in the theoretical course we made only the 
proof of the Gaussian copula and its properties we will focus only on this one... 

Gaussian copula 

First, to simply simulate the same Gaussian copula as in the theoretical we will use the 
functions mvnpdf() of the Statistical Toolbox and pcolor(): 



1 [X,Y]=meshguid(-4:.05:10,-4:.05:10); 

2 M=[3,2]; 

3 Vl=[10 5;5 5]; 

4 Zl=mvnpdf([X(:),Y(:)],H,V1); 

5 pcolor(X,Y,reshape(Zl,length(X),length(X))); 

6 shading interp; 




The result will be (exactly the same as the one obtained with R and 
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And what about the 3D view? 

This is a hard to guess script using the function reshape() in addition to the previous script: 



1 mu = [3 2]; 

2 Sigma = [10 5;5 5]; 

3 xl = -S:.2:10; 

4 x2 = -3:.2:10; 

5 [XI, X2] = meshgrid(xl,x2) ; 

6 F = mvnpdf ( [XI ( : ) X2 ( : ) ] , mu, S igma) ; 

7 F = reshape(F,length(x2),length(xl)); 

3 surf(xl,x2,F); 

9 xlatiel ( 1 xl 1 ) ; ylafrel( 1 x2 1 ); zlatoel ( 1 Probability Density 1 ); 

10 shading interp; 



We get the following result: 


1 Figure i 



HIslOI 

File Edit View Insert Tools Desktop Window Help 




D a d & j ts j sA © ® « /. - 

a 

□ s 

■ 0 



x 2 -10 -10 


This is in adequation with what we get with R and Maple. 
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We can mix all the stuff below to get a global view using a subplot: 



EDITOR PUBLISH VIEW 

© M . ^ ^ E ® 

1 

9 


clc;clear;close all 

ill 

3 


inu= [3 2] ; 

4 


Sigma=[10 5;5 5] ; 

5 


[X,Y]=meshguid(-10:0.1:10,-10:0.1:10); 

6 


p=mvnpdf ( [X ( : ) Y ( : ) ] , mu, Sigma) ; 

7 

8 

9 


p=ueshape(p,size(X)); 


set(gcf, 1 Position 1 ,get(gcf, 1 Position 1 ).*[1 1 1.3 1]) 

10 

11 


subplot (2,3, [1 2 4 5] ) 

12 


surf(X,Y,p),axis tight, title( 1 3D PDF 1 ) 

13 


xlabel( 1 x 1 );ylabel( 1 y 1 );zlabel( 1 z 1 ); 

14 


shading inteup; 

15 

16 


subplot(2,3,3) 

17 


surf(X,Y,p),view(2),axis tight, title( 1 Plane PDF') 

18 


xlabel( 1 x 1 );ylabel( 1 y 1 ) 

19 


shading inteup; 

20 


i 

21 


subplot (2,3,6) 

22 


suuf(X,Y,p),view([0 0]),axis tight, title( 1 XOZ view 1 ) 

23 


xlabel( 1 x 1 );zlabel( 1 z 1 ) 

24 


shading inteup; 



The result will be: 
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Distributions 

As we know it almost more than a hundred probabilities distributions are used in all domains 
of sciences (finance, pharma, econometrics, reliability, physics, etc.). 

As we know that the MathWorks website describe well what is the syntax of each available 
distribution it is completely useless to redo examples for each of them. 


Thus we will focus only on one tool. The disttool that is more for academic purpose than 
anything else for demonstrating to students how looks like the shapes of various distributions. 



File Edit View Insert Tools Desktop Window Help 


Probability 

0.5 



Upper 

bound 

Mu 

Lower 

bound 


-2 
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r 


Upper |-- 

bound I ^ 
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Lower 

bound 
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Upper 

bound 
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We have some distribution choices: 
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And the possibility to choose between CDF and PDF: 


y Probability Distribution Function Tool 


File Edit View Insert Tools Desktop Window Help 




Distribution: 


Beta 


12 

10 


Function type: [pdf 

-t-t- r jcPF [ 


Density 8 




The Upper bound and Lower bounds fields visible are here to define each scrollbar limits if 
you want to play to change the distribution parameters with the scrollbars! 
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Descriptive statistics 

Now that we have seen the basic charts available in the Statistical Toolbox we will see some 
very elementary statistical calculations. 

Geometric mean 


MATLAB Command Window 



HIsIB i 

» format short g 
» Yield=[O.03 -0.07 

0.09 0.1 -0.08 

0.09 -0.11 

0.06 -0.1 0.01 -0.13] 

3 

Yield = 





Columns 1 through 

6 




0.03 

-0.07 

0.09 

0.1 -0.08 

0.09 

Columns 7 through 

11 




-0.11 

0.06 

-0.1 

0.01 -0.13 


» geomean(Yield) 

Error using geomean (line 17) 

X may not contain negative values. 




» geomean(Yield+1)-1 





ans = 





-0.013693 





» 




d 

Id dd 
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Harmonic mean 


MATLAB Command Window 


» PriceShareMonth1=9 
PriceShareMonthl = 

9 

» PriceShareMonth2=11 
PriceShareMonth2 = 

11 

» PriceShareMonth3=4 
PriceShareMonth3 = 

4 

» harmmean([9 11 4]) 
ans = 

6.6369 

» nean([9 11 4]) 
ans = 


8 
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Trimmed mean (M-statistics) 

In comparison of SPSS as far as I know MATLAB Statistical Toolbox is very poor in the 
integration of well know M-Statistics. The only integrated one seems to be the trimmed 
mean.... 

Then let us see how to use it with a trimmed of 5%: 



w 
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CDF/iCDF/Quantile/Centile 

Cumulated probability cdf( ), inverse cumulated probability icdf( ) and also percentile 
prctile(), quantile( ) and median( ) are use a lot in finance and in general in stochastic 
simulations for various purposes (Value At Risk, Threshold values of a sample, etc.). 

Let us see a very academic example used to check the validity of the different aspect of those 
functions: 


EDITO 

R PUBLISH VIEW 


L$i H ^ ^3? B 

1 

int Simulations=1000; 


2 

mu= 3; sigma=l; 


3 

Nx=noumund(mu,sigma,1,int Simulations) 

; %N(3,1) 

4 



5 

^Cumulated probability (has to be near 

form 0.5 in this example) 

6 

CDF=cdf( 1 Normal 1 ,3,mu,sigma) 


7 

% inverse CDF 


8 

Q 

iCDF=icdf( 1 Normal 1 ,0.5,mu,sigma) 


10 

Walue corresponding to 50% cumulated 

probability 

11 

prc=prctile(Nx,50) 


12 

quant=quantile(Nx,0.5) 


13 

med=median(Nx) % just a check :-P 


14 



15 

^Cumulated probability of a simulation 


16 

x=3; % threshold 


17 

cProb=nnz(Nx(:)<=x)/int Simulations 



The result will give: 






Command Window 


CDF = 

0.5000 
iCDF = 

3 

P r c = 

2.9876 
quant = 

2.9876 
me cl = 

2.9876 
cProb = 

0.5030 

f* » | 
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Skewness/Kurtosis 

Since there are many methods to calculate the kurtosis (flatness) and the skewness 3 
(asymmetry), I still want to treat them separately from the rest. 

Consider the following examples: 



In MATLAB, we have then the following rules:: 

• If the skewness is zero, the distribution is symmetric (this does not mean that the 
symmetry occurs on a peak of the distribution because in the case of a bimodal 
distribution the axis of symmetry can be balanced between the two modal values). If 
the skewness is positive, the distribution (modal/median) looked right (or there are 
extreme right values). If the skewness is negative, the distribution (modal/median) is 
leaning to the left (or there are extreme left values) 

• If the kurtosis is equal to three (platikurtic) then flattening is similar to a Normal 
distribution. If the value is greater than 3, then the distribution of interest (leptokurtic) 
is then higher than that of a Normal distribution with an equal mean (conversely - 
mesokurtic - if kurtosis is obviously less than 3) 


3 At least 11 methods to calculate the Skewness. See the study of Tabor, J. (2010), “Investigating the 
Investigative Task: Testing for Skewness - An Investigation of Different Test Statistics and their Power to Detect 
Skewness,” Journal of Statistics Education, 18, 1-13. www.amstat.org/publications/ise/vl8n2/tabor.pdf 
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For information and for comparison given the different more common ways to calculate 
skewness and kurtosis (the first one is called "Fisher-Pearson skewness coefficient" and the 
second "adjusted Fisher-Pearson standardized moment coefficient"): 



and: 

*i = 

_(N-l)((N^)rc l -3(N + 

Kl ~ (N - 2)(N - 3) 

N(N + 1) 3(/V-l) 2 

*" 3 _ (N -1 )(N - 2 )(N - 3) Kl (N - 2)(N - 3) 
k a = K x - 3 
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We have by comparison with MATLAB, R, Mathematica, Minitab, IMB SPSS Statistics and 
Microsoft Excel: 


Skewness 

R 

MATLAB 

Mathematica 

Minitab, SPSS, Excel 

-0.647(70,-0.77(y 2 ), -0.552(y 3 ) 

-0.647(70,-0.77(y 2 ) 

-0.647(y0 

-0.77 (y 3 ) 

Kurtosis 

R 

-1.114(k 5 ),-0.22 (k 3 ),-0.67 (K4) 


MATLAB 

2.327 (k0,2.775(k 2 ) 


Mathematica 

2.327(k0 


Minitab, SPSS, Excel 

-0.22 (k 3 ) 
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Hypothesis tests 


In this chapter we will also use the same data as in the Microsoft Excel, Minitab, SPSS and R 
training to be able to compare the results with the different e-books and videos tutorials. The 
purpose is also to compare the results with those obtained by hand during the proof of the 
different mathematical models! 


Tests power, sample size and resolution 

We have seen (proved) in the theoretic course the importance of the calculation of the a priori 
or a posteriori calculation of the power of some statistical tests and use the mathematical 
results to also be able to determine the necessary sample size or the resolution of a test. 

Power of a Z test 

First have a look if we found with MATLAB the same power for a Z-test as the one 
calculated by hand or with Minitab. For this purpose we use the function sampsizepwr(): 

_ \ T 


* MATLAB Command Window 


» nu=0;std=3; 

» alternatiue_mu=mu+2; 

» n=9; 

» sampsizepur('z',[mu std],alternatiue_mu,[],n) 

a; 

ans = 


0.51601 


» | 



A 


We get exactly the same result! That's a good thing! 
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Sample size of a one sample Z test 

And what about the sample size? For this purpose we also use the function sampsizepwr(): 



We also get the same result! 

Difference (resolution) of a one sample Z test 

And what about the difference (resolution) ot the test? For this purpose we also use the 
function sampsizepwr(): 


MATLAB Command Window 

HEIQ 

» nu=0;std=3; 

» n=9 ; 

» power =0.8 ; 

» n=sanpsizepwr( 1 z 1 ,[nu std],[],power,n) 

1 

n = 


2.8016 


» | 


jlJ 

J 


We also get the same result! 
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Power of a t test 

In the theoretical statistic course we also made the proofs for the t-test. Then have a look if we 
found the same results as the one calculated by hand and in Minitab always by using the 
function sampsizepwr(: 


* MATLAB Command Window 


» nu=0;std=3; 

» alternatiue_nu=nu+2; 

» n=9; 

» sanpsizepwr('t',[nu std],alternatiue_nu ff n) 
ans = 

0.42105 

» 





We also get the same result! 

Sample size of a one sample t tt 

And what about the sample size? For this purpose we alsomse the function sampsizepwr(): 


MATLAB Command Window 


» nu=0;std=3; 

» alternatiue_nu=nu+2; 

» power=0.8; 

» n=sanpsizepwr( 1 t 1 f [nu std]jalternatiuenu,0.8) 
n = 

20 




We also get the same result! 
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Sample size of a one sample p test 

In the theoretical statistic course we also made the proofs for the p-test but only for the sample 
size. Then have a look if we found the same results as the one calculated by hand and in 
Minitab always by using the function sampsizepwr(: 


MATLAB Command Window 


» p=0.5; 

» alternatiue_p=p+0.3; 

» power=0.8; 

» n=sampsizepwr('p 1 ,p f alternatiue p,power) 
n = 


19 



Uj 


That's right! 

One sample Z-test 

Using the function ztest() let us see if we foi 
value as in Minitab, Excel and the calculations 
statistic course: 



le same p-value, confidence interval and z 
by hand after the theoretical proof in the 


MATLAB Command Window 

MB 

» location=[3 7 12 5 9 13 2 8 6 14 6 1 2 3 2 5 11 13 5]; 

» [h ,p ,ci ,zual]=ztest(location,5,2,'Alpha',0.05,'Tail','both') 

3 

h = 


1 


P = 


2.4193e-04 


ci = 


5.7849 7.5835 


zual = 


3.6707 


» 




Yep! Everything is OK! 
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One sample t-test 

Using the function ttest() let us see if we found the same p-value, confidence interval and z 
value as in Minitab, Excel and the calculations made by hand after the theoretical proof in the 
statistic course: 


MATLAB Command Window 


» location=[3 7 12 5 9 13 2 8 6 14 6 1 2 3 2 5 11 13 5]; 
» [h,p,ci,stats]=ttest(location) 




u 


p = 


1.9283e-06 


Cl 


4.6453 8.7231 


stats = 


tstat: 6.8875 
df: 18 
sd: 4.2302 


In 

Yep! Everything is OK! 


A 
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One sample t-test with explicit target mean 

And what about the one sample t-test with explicit target mean? Let us check if we found the 
same result as the one calculated by hand and with Minitab and R? 


MATLAB Command Window 


» measures=[15.0809 15.0873 14.9679 15.0423 15.1029 14.9803 15.1299... 
15.0414 15.0351 15.0559 15.0793 15.0753 15.0483 15.0515 15.0962 15.0654. 
14.9759 15.0507]; 

» [h ,p ,ci,stats]=ttest(measures,15,'alpha',0.05) 



P = 

7.2400e-O5 

ci = 

15.0319 15.0755 

stats = 

tstat: 5.1991 
df: 17 
sd: 0.0438 


U 


J! 
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Two sample homoscedastic t-test 

We have proved during the theoretic statistical course how to compare the mean of two 
unpaired samples under the hypothesis of homoscedasticity. The purpose now is to check if 
we obtain the same result as by hand on Minitab and R using the function testt2(): 


*'} MATLAB Command Window H0E3 
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Two sample heteroscedastic t-test (Welch test) 

He have also proved in the theoretical course how to manage the case if the two samples don't 
have the same standard deviation. Then the purpose here is to check of we get the same 
results as those obtained by hand or with Minitab and R: 
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Paired t-test 

We have also proved in the theoretical course how to compare the mean of two samples if the 
samples are paired. We will see now if we obtain the same calculations as by hand and 
Minitab and R: 


+1 MATLAB Command Window 


» Pipeline1=[163,150,171,155,186,145,154,173,152,150,143,138,... 
166,193,158,175,167,150,158]; 

» Pipeline2=[167,157,149,145,135,157,135,167,154,165,170,165,... 
154,176,155,157,134,156,147]; 

» [h,p ,ci, stats]=ttest(Pipeline1,Pipeline2,'alpha',0.05) 



h = 


0 


P = 

0.2489 


ci = 

-4.0973 14.8341 


stats = 


tstat: 1.1915 
df: 18 
sd: 19.6390 
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Chi-square variance test 

When we finished studying elementary tests for the comparisons of mean in the theoretical 
statistic course we started (and finished...) proofs on the comparison and interval of 
confidence of the variance. The first test we saw was the chi-square variance test and can be 
calculated in MATLAB with the function vartest(). 

We take the same values as in theoretical course (and R+Minitab course) to check if we 
obtain the same results: 


I MATLAB Command Window 


» Diameters=[13 13 12 12.55 12.99 12.89 12.88 12.97 12.99]; 

» uar(Diameters) 

m 

ans = 


0.1122 


» [h,p,ci, stats]=uartest(Diameters,uar(Dianeters)) 


h = 


0 


P = 


0.8669 


ci = 


0.0512 0.4118 


stats = 


chisqstat: 8 
df: 8 


» 

GlI 

A 


+ r MATLAB Command Window 


And that's it! 
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Exact Fisher Test 

This is a new test of the version MATLAB 2015a. So let us do the same example as in the 
theoretical course (and also Minitab and R) using the function fishertest(): 



The p-value is correct but the odds ratio and confidence interval far away of what we get by 
hand and with R. 
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Two sample F-test for equality of variances 

And what about the ratio of two variances named "Fisher test" as we proved it in the 
theoretical statistic course? 

Taking the same values as for calculated by hand and Mini tab and R, we get in MATLAB 
using the function vartest2(): 


| *1 MATLAB Command Window 

mmm\ 

» A=[3.2 3.3 3.1 3.2 3.1 3.1 3.15 3.33 3.11 3.1]; 

» B=[3 3.1 3.2 3.1 3.2 3.08 3.2 3.07 3.2 3.3 3.2 3.3]; 

» [h ,p ,ci,stats]=uartest2(A,B, 1 alpha 1 ,0.05,'tail 1 , 1 both 1 ) 

3 

h = 


0 


P = 


O.8600 


ci = 


0.2449 3.4378 


stats = 


fstat: 0.8788 
dfl: 9 
df2: 11 


» 

3 

A 
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Two sample Levene's test for equality of variances 

We have discussed in the theoretical statistic course about some problems of robustness of the 
test of the comparison of variance. Different empirical model of robustness were proposed to 
solving this issue (almost fifty tests classified under the name Test for Homogeneity of the 
Variance or "THV"). We will see here some of the most famous one available in MATLAB. 


Brown-Forsythe (median) 


We first begin with the Brown-Forsythe one because this is the only test we checked by 
making the calculations "by hand" and also with Minitab and R. In MATLAB using the 
function vartestn() with the corresponding arguments we get: 


1 MATLAB us 

Tv 


MATLAB Command Window 


□mm 


□ 


» Team1=[78 88 90 77 85 88 79]; 

» Team2=[77 75 80 83 87 90 85]; 

» group=[Team1;Team2]; 

» [p„stats]=uartestn(group 1 ,'TestType','BrownForsythe','Display 1 ,'on') 


0.8526 


stats 


fstat: 0.036O 
df: [1 12] 


UJ 
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Figure 5: Variance Test 


File Edit View Insert Tools Desktop Window Help 


\IMZ\ 


Group Summary Table 




Group 


Count 


Mean Std Dev 


1 7 
Z 7 
Pooled 14 

Erown-Forsythe statistic 0.03604 
Degrees of freedom 1, 1Z 


83.5714 5.44Z34 
SZ.4ZS6 5.41163 
S3 5.4Z7 




zl 


And also the following chart: 



d 




\*J Figure 6 



BHEI 

File Edit View Insert Tools Desktop Window Help 




Q 6 a ^ l* 1 O ® « A - 


□ El 

□ 0 



We get exactly the same results as the one calculated by hand and with Minitab and R. 
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Absolute Levene 

And is the Levene absolute test available in MATLAB? Yes: 
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Quadratic Levene (square) 



available in MATLAB. 
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Test for the median (one sample sign test) 

Now have a look to a very important stuff: the median test with it's confidence interval! For 
this purpose we will use the signtestf ) function of MATLAB: 



The values are OK and corresponding with those calculated by hand but the very 
disappointing stuff is that we don't get any confidence interval:-( 

For sure, at the opposite of Minitab 15 we get a p-value but at the opposite of R we don't get 
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Binomial signed rank test (dixit: median test paired samples) 

We proved in the theoretical statistic course a possible test form comparing the median of two 
distributions based on the sign of the differences of the two samples. The purpose is to see 
now if we get the same result as the one calculated by hand or with Minitab. 


MATLAB Command Window 


» Ml = [20.-4 25.4 25.6 25.6 26.6 28.6 28.7 29 29.8 30.5 30.9 31 .1]; 

» M2=[20.7 26.3 26.8 28.1 26.2 27.3 29.5 32 30.9 32.3 32.3 31 .7]; 

» Diff=M2-M1; 

» [P-h stats]=signtest(Diff,0,'alpha',0.05,'method','approximate','tail','both') 


0.0433 


h = 


stats = 

zual: 2.0207 
sign: 10 

» [P-h stats]=signtest(Diff,0,'alpha',0.05, 1 method','exact','tail','both') 
P = 

0.0386 


h = 


stats = 


zual: NaN 
sign: 10 


Lu 


As we can see the second result is in perfect adequation with Minitab and thus with the values 
calculated by hand in the theoretical course. The very disappointing stuff is that we don't get 
any confidence interval:-( 


MATLAB 


802/1357 










Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Two unpaired samples Wilcoxon (Mann-Withney) rank sum 
test 

Now the purpose is to see if we found the same result with MATLAB as the one with Minitab 
and this calculated by hand using the function ranksum(): 



We get exactly the same result as with Mini tab (for the approximate version) and the same 
small difference as with the calculation made my hand in the theoretical statistic course. 
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Wilcoxon signed rank test for 1 sample 

We also proved in the theoretical statistic course another way to make the test about the 
median using ranks. The Wilcoxon signed rank test is under the function name signrank( ) in 
MATLAB: 


+} MATLAB Command Window HBB 


» measures=[39 20.2 40 32.2 30.5 26.5 42.1 45.6 42.1 45.6 42.1 29.9 40.9]; 

» [p,h,stats] = signrank(measures,40, 1 alpha 1 ,0.05, 1 method 1 , 1 approximate 1 , 1 tail 1 , 1 both 1 ) 

P = 

0.3069 

h = 

0 

stats = 

zual: -1.0218 
signedrank: 26 

» [p,h,stats] = signrankfmeasures,40,'alpha',0.05,'methodexacttailboth') 

P = 

0.3296 

h = 

0 

stats = 

signedrank: 26 

» 

A 



The exact method corresponds to what we get with Minitab. The approximate method 
corresponds to what we get in the calculation by hand. 
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Wilcoxon signed rank test for two paired samples 

And what about the Wilcoxon signed rank test for two paired samples compared to the 
theoretical statistic course 



None of the p-values correspond to Minitab or even to R and same thing for the comparison to 
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ANOVA 

ANOVA (ANalysis Of VAriance) is probably on of the biggest subject (if it is not the 
biggest) in the statistic field. You can found books of more than a thousand of page presenting 
a lot of different ANOVA models. The purpose here is just to see the ANOVA models that 
are used and proved at the Master graduate level in most schools worldwide. 

One-way fixed factor canonical ANOVA 

The one-way fixed factor canonical ANOVA is the simplest existing ANOVA model. The 
purpose here will be like always to see if we obtain the same results as the one calculated by 
hand and with Minitab and R. 

For this purpose, we will use the function anoval() of MATLAB: 



This window opens automatically: 
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And also this box-plot chart opens also automatically: 


What we can conclude is that we get exactly the same results as with Minitab, R and the 
calculations made by hand. 
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If we don't want the outputs figure we just have to change the command as following: 


+) MATLAB Command Window 



TO 

» [p,table,stats]=|anoua1 (Teams,[],'off') |%to deactivate the 

P = 

display of charts and figure 

A 

8.8739 





table = 





'Source' 'SS' 'df' 'MS' 

■Columns' [ 8] [ 2] [ 4] 

'Error' [530.2857] [18] [29.4603] 

'Total' [538.2857] [20] [] 

■F' 

[0.1358] 

[] 

[] 

'Prob>F' 

[0.8739] 

[] 

[] 


stats = 





gnames: 

n: 

source: 

means: 

df: 

s: 

[3x1 char] 

[7 7 7] 

'anoual 1 

[83.5714 82.4286 83.8571] 

18 

5.4277 




» 




A 

]A >Lk\ 
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Two-way fixed factors canonical ANOVA 

Now have a small look to the two way fixed factors ANOVA without interaction with the 
small (unrealistic) example we used during the theoretical statistic course to check the 
correspondence with Minitab, R and the calculations made by hand. 

For this purpose we will use the function anova2() of MATLAB: 


MATLAB Command Window 


» TeamMachine=[256 242;246 238;254 246] 

TeamMachine = 

256 242 

246 238 

254 246 

» [p f |table f stats ]=anooa2( TeamMachine) 

P = 

0-0377 0-1364 


table = 


1 Source 1 

■ss 1 

■df 1 

'MS' 

■F' 

1 Prob>F 1 

1 Columns 1 

[150] 

[ 1] 

[150] 

[ 25] 

[0-0377] 

1 Rows 1 

[ 76] 

[ 2] 

[ 38] 

[6.3333] 

[0-1364] 

1 Error 1 

[ 12] 

[ 2] 

[ 6] 

[] 

□ 

‘Total 1 

[238] 

[ 5] 

[] 

[] 

□ 


stats = 


source: l anoua2 l 
sigmasq: 6 
colmeans: [252 242] 
coin: 3 

roumeans: [249 242 250] 
rown: 2 
inter: 0 
pual: NaN 
df: 2 




J 


This window will open automatically: 
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And so we can see that we get the same result as Minitab, R and the calculations made by 
hand. 

If we want to deactivate the figure we change the function a little bit: 


> MATLAB Command Window 



0.0377 0.1364 


table = 


1 Source 1 

■ss 1 

■df 1 

■MS 1 

■F 1 

‘Prob>F‘ 

1 Columns 1 

[150] 

[ 1] 

[150] 

[ 25] 

[0.0377] 

1 Rows 1 

[ 76] 

[ 2] 

[ 38] 

[6.3333] 

[0.1364] 

1 Error 1 

[ 12] 

I 2] 

[ *] 

[] 

[] 

‘Total 1 

[238] 

[ 5] 

[] 

[] 

[] 


stats = 


source: 
sigmasq: 
colmeans: 

coin: 
rowmeans: 
rown: 


Uj 


'anoua2 1 
6 

[252 242] 

3 

[249 242 250] 
2 


A 
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Friedman's test (canonical non-parametric ANOVA based on ranks) 

We saw in the theoretical statistic course that the parametric ANOVA can sometimes not be 
robust to non-normality. For this purpose we have pseudo-proved a way to develop and 
ranked base non-parametric ANOVA named "Friedman's test". 

We will see now using the same datas as the calculations made by hand in Microsoft Excel 
and also R + Minitab to see if we get the same results using the function friedman(): 


| ■ MATLAB Command Window 




HHD| 

1 1» mydata=[fearness ' hapiness 1 

sadness' calm'] 



1 

mydata = 






23.1OO0 

22.7000 22.5000 

22.6000 




57.6000 

53.2000 53.7000 

53.1000 




10.5000 

9.7000 10.8000 

8.3000 




23.6000 

19.6000 21.1000 

21.6000 




11.9000 

13.8000 13.7000 

13.3000 




54.6000 

47.1000 39.2000 

37.0000 




21.0000 

13.6000 13.7000 

14.8000 




20.3000 

23.6000 16.3000 

14.8000 




L [p,table,stats]=friedman(mydata) 




P = 






0.0917 






table = 






'Source' 

'SS 1 

■df 'MS' 

' Chi-sq ' 

' Prob>Chi-sq ' 


' Columns ' 

[10.7500] 

[ 3] [3.5833] 

[6.4500] 

[ 0.0917] 


'Error' 

[29.2500] 

[21] [1.3929] 

n 

n 


'Total' 

[ *0] 

[31] [] 

n 

n 


stats = 






source 

: 'friedman' 





n 

: 8 





meanranks 

: [3.3750 2.50OO 

2.3750 1.7500] 




sigma 

: 1.2910 





» 





zi 






jfj. 


We can see that we get the same values as in theoretical course and more details in 
comparison of Minitab. 
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The following windows will also open automatically: 



ai re 



If we don't want to see this figure we just have to change the way we use the 
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Kruskal-Wallis test (canonical non-parametric one-way AN OVA 

Once again we will use the original data of the publication of Kruskal and Wallis to see if we 
get the same results as in the theoretical course: 


Standard 

Modification 1 

Modification 2 


Output 

Rank 

Output 

Rank 

Output 

Rank 


340 

5 

339 

4 

347 

10 


345 

9 ; 

333 

2 

343 

7 


330 

1 i 

^ 344 

8 

349 

11 


342 

6 



355 

12 


33S 

3 












Sum 

n 

5 


3 


4 

12 

R 

24 


14 


40 

78 

R*/n 

115,2 


65.333 


400. 

580*533 



Checks =JV = 12 


A r +1)=78 


H = 


12 X 580.533 
12X13 


— 3X13=5.656—x s (2) 


from {1.2) 


Prtx 1 ^) S5.6561 =0.059 from [9] or \1S ] 

Pr[tf{5, 4, 3) £ 5.656] =0.049 from Table 6.1 



Thus, using the function kruskalwallis( 
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As we can see it, we get the same results as the theoretical one and as Minitab and R. 
We also have the following figure that will open automatically: 


*J Figure 3: Kruskal-Wallis One-way ANOVA 


File Edit View Insert Tools Desktop Window Help 


Un]x] 


Kruskal-Wallis ANOVA Table 


Source SS df MS 


Groups 73.5333 Z 36.7667 6 

Error 69.4667 9 7.7186 

Total 143 11 


And the following chart: 


1 Figure 4 


■81 



HBHI 

File Edit View Insert 

Tools Desktop Window hiSp 






s © Sl<!' 


□ m 

□ 0 


355 

350 

345 

340 

335 

330 

Stand Modifl Modi12 



T3 


L-sq Prob>Chi-sq 
.66 0.0691 
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If we don't want this two previous windows we just have to add a parameter to the function as 
following: 
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Adequation tests 

We have seen the important of adequation test in the theoretical course. For its price 
MATLAB is very poor in possibilities for adequations... for example there is no native 
ranking of best adequation of the forty must well know distributions... Thus I also recommend 
using the small software of the company: 

http://www.mathwave.com 


for quick fitting among a lot of theoretical distribution (the remark was the same for Minitab, 
R and SPSS). 

Chi-square goodness of fit for Poisson distribution 

We begin with the first discrete continuous test we proved in the theoretical course using the 
function chi2gof() and the same values as in theoretical course Minitab and R: 


MATLAB Command Window 


» deuiation=[Q 1 2345678910]; 

» count=[5 12 37 56 72 75 53 45 28 11 6]; 

» [h,p,st] = chi2gof(deviationCtrs',deuiation, 1 Frequency',count, 1 NParams',1) 



0.7539 


st = 


chi2stat: 

5.8599 

df: 

9 


edges: 

[1x12 

double] 

0: 

[5 12 

37 56 72 

E: 

[1x11 

double] 


ii 


j 


We can see that the output is much more simple as in Minitab and a little bit different (but the 
conclusion is the same). 
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Kolmogorov-Smirnov (one sample) adequation test 

Now we take a look to the first adequation continuous test we proved in the theoretical course 
using the function kstest(): 



We get the same distance KS distance and p-value (0.3257) as R and the calculations made by 
hand but not the same as Minitab. To get the same distance as the one of Minitab we must use 
the Lilliefor variant with the function lillietest(): 
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Anderson-Darling adequation test 

Depending on the number of values we have some adequation tests are more powerful than 
others. Thus it is important to not work only with one adequation test. Another test we proved 
in the theoretical course is the Anderson-Darling test. Let us see if using the function adtestf) 
we found the same results as in the theoretical statistic course: 



We get the same distance (0.2571) as Minitab and the calculations made by hand but not the 
same as R (0.636). The p-value is not the same as R (0.6058) and nore Minitab (0.535) but we 
know why... 
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Regression Techniques 


As we know, regression is a subject also as big as the ANOVA. There are books of thousands 
of pages presenting the most common regression techniques models and even with thousand 
pages there are not exhaustive. 

We will first begin by the most simple models in the order we normally study the at school 
and university. 

Ordinary Least Squares (parametric) univariate regression 

The parametric Ordinary Least Square regression is a undergraduate technic then it is normal 
that we begin with this one. 

1 st method (coefficient and constant cannot be extracted) 

There exist multiple ways with the statistical toolbox to make an univariate parametric OLS 
regression. For this purpose consider the same data as in theoretical courses 



Fichier Edition Format Affichage ? 


3 


month; sal es 


3;4 

7;12 
3 ; 15 
9 ; 17 
10 ; 16 
11 ; 17 
12 ; 13 
15 ; 13 
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By using the function LinearModel.fit() we get the classic univariate coefficients analysis 
table: 


Command Window 


® 


>> mydata= dataset ( 1 File 1 , 1 C : \ tmp\ UnivariateOLS . csv 1 , 1 Delimiter 1 , 1 ; 1 ) ; 
%in 2013a use LinearMode1.fit 
%in 2013b use fitlm 

mdl = LinearModel.fit(mydata, 1 linear 1 ); 

>> mdl 

mdl = 


Linear regression model: 
sales ~ 1 + month 

Estimated Coefficients: 



Estimate 

SE 

tStat 

pValue 

(Intercept) 

3.02 

2 . 151 

1.404 

0.20309 

month 

1.22 

0.22412 

5.4436 

0.00096257 


Number of observations: 9, Error degrees of freedom: 7 
Root Mean Squared Error: 2 . 2*1 
R-squared: 0.809, Adjusted R-Squared 0.732 
F-statistic vs. constant model: 29.6, p-value = 0.000963 

h » | 


All values corresponds with the one obtained in the theoretical course. If we want to specify 



MATLAB 


821/1357 







Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Command Window 1 


>> mdl = LinearModel.fit (mydataj 

1 sales-l+month 1 



mdl = 


Linear regression model: 
sales ~ 1 + month 

Estimated Coefficients: 

tStat pValue 

1.404 0.20309 

5.4436 0.00096257 


Estimate SE 

(Intercept) 3.02 2.151 

month 1.22 0.22412 


f* 


Number of observations: 9, Error degrees of freedom: 7 
Root Mean Squared Error: 2.24 
R-squared: 0.809, Adjusted R-Squared 0.782 
F-statistic vs. constant model: 29.6, p-value = 0.000963 

>> 


► 


Thanks to this notation we can for example easily for the constant to be zero: 


Command Window 


>> LinearModel.fit(mydata, 1 sales 


ans = 

Linear regression model: 
sales ~ month 

Estimated Coefficients: 

Estimate SE tStat pValue 

month 1.5151 0.082429 18.38 7.9029e-08 


Number of observations: 9, Error degrees of freedom: 8 
Root Mean Squared Error: 2.37 

fx » | 


1+month 1 ) %force origin=0 
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We can also get the famous ANOVA table of the regression by using the function anova() 
with in bracket the variable containing our linear model: 


Command Window 


>> anova(mdl) 


SumSq DF MeanSq F pValue 

month 143.34 1 143.34 29.633 0.00096257 

Error 35.16 7 5.0229 


fx » 


Or we can also predict values using the model by using the function predicts ): 

^itk 


Command Window 


>> predict(mdl,3] 


> 
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2 nd method (coefficient and constant and others can be extracted) 

The problem as far as I know with the first method is that you can't extract only the 
coefficient of the model and this is a major issue in financial application. As workaround I 
recommend the usage of the function regress() with a syntax that is not intuitive but that in 
fact simply use the explicit matrix of coefficient that we have seen in the theoretical cours: 


Command Window 


>> [coeff ConfInterval residues]=regress(mydata.sales, 
[repmat[1,length(mydata),1) mydata.month],0.05) 

coeff = 

3 . 0200 
1.2200 


Conflnterval = 


-2.0662 
0.6900 


residues = 

-2.6800 
-1.3400 
0.4400 
,2200 
,0000 
,7800 
,5600 
,3400 
,3200 


8.1062 
1.7500 


2 . 
3 . 
0. 
0. 
0. 
-3 . 


So in this way it is very easy as you can see it to extract information of the linear model! 
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Afterwards if we want to analyze the residues normality in a qualitative way we can do this 
for example with a simple qqplot(): 


Command Window 

>> qqplot(residues) 



or with an adequation test (see above for this last subject) 


UH Command Window 



>> [ueject-HO pValue]=kstest(residues) 


ueject-HO = 

□ 


pValue = 


0.32537395067373 


fx » 
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3 rd method (using Curve Fitting Toolbox) 

Fort those that doesn't like to use to much MATLAB commands you can use the curve fitting 
toolbox wizard by typing the command cftool: 


Command Window ® 

>> mydata=dataset( 1 File 1 , 1 C:\tmp\UnivariateOLS.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

>> %curve fit toolbox does not manage datasets 
>> mydata=double(mydata) 

mydata = 

3 4 

6 9 

7 12 

S 15 

9 17 

10 16 

11 17 

12 IS 

15 IS 

>> X=mydata(:,1); 

>> Y=mydata(:,2); 
fx » cftool| 
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Then you will get: 


■rfj Curve Fitting Tool 



mmm 

1 File Fit 

View Tools Desktop Window Help 

V [ ? x 

1± 


B 

m\ % 

EE3 □ B □ 


| Denr ] Residuals plot"! 


Fit name: |Demo Fit 

j Polynomial 

Xdata: |x 

Degree: fl 

Ydata: |y 

Robust: joff 

Z data: j(none) 

■Epicenter and scale; 

Weights: |(none) 

Fit Options... | 




Results 


Linear model Polyl: 
f(x) = pl*x + p2 

Coefficients (with 95% confidence bounds): 
pi = 1.22 (0.69, 1.75) 

p2= 3.02 (-2.066, 8.106) 

Goodness of fit: 

55E: 35.16 
R-square: 0.8089 
Adjusted R-square: 0.7816 
RM5E: 2.241 



x 



Table of Fits 

© 

Fit name J 

Data 

Fit type 

55E 

R-square 

DFE 

Adj R-sq 

RM5E 

# Coeff 

Validation D... 

Validation 55E 

Validation R... 

IT Demo Fit 

Y vs. X 

polyl 

35.1600 

0.8089 

7 

0.7816 

2.2412 

2 





If you click on the button Residuals plots you get: 


Curve Fitting Tool 



mmx 
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Now a more interesting stuff to focus on is the management of outliers. If you click on the 
button Exclude outliers: 


* Curve Fitting Tool 

File Fit View Tools Desktop 

Window Help 


H 

^ % © « 

m n 

la£ 

<-> 



' o 

1 ^ 


:j| Demo Fit x 

[ExiSude outliers 



Once activated you have to click on outliers points to exclude them (not very scientific 
way...): 



Thus the outlier elimination method here is a joke when we know the number of statistical 
technics dedicated to this purpose. 
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With this tool we also have the possibility to show the prediction bounds trough the menu 

Tools/Prediction Bounds/95 %: 



The result will be: 



//. 


MATLAB 


829/1357 




























































































































































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


If you want to get the MATLAB script for all the previous manipulations you just have to go 
in the menu File/Generate Code: 


■tfj Curve Fitting Tool 

| File Fit View Tools Desktop 

Clear Session 

Load Session... 

Save Session 

Save Session As... 




Print to Figure ^ 


Close Curve Fitting 


Zdata: knone) 



The result will be: 



1 [xData, yData] = prepareCurveData( X, Y ); 

2 

3 % Set up fittype and options. 

4 ft = fittype( 'polyl' ); 

5 opts = fitoptions( ft ); 

6 opts.Lower = [-Inf -Inf]; 

7 opts.Upper = [Inf Inf]; 

8 ex = excludedataf xData, yData, 'Indices', 5 ); 

9 opts.Exclude = ex; 

10 

11 % Fit model to data. 

12 [fitresult, gof] = fit( xData, yData, ft, opts ); 

13 

14 % Plot fit with data. 

15 subplot(2, 1, 1 ) ; 

16 h = plot( fitresult, xData, yData, ex, 'predobs' ); 

17 legend( h, 'Y vs. X 1 , 'Excluded Y vs. X', 'Demo Fit',... 

18 'Lower bounds (Demo Fit) ' , 1 Upper bounds (Demo Fit) 1 , ... 

19 'Location', 'NorthEast' ); 

20 % Label axes 

21 xlabel( 'X' ); 

22 ylabel( ' Y' ); 

23 grid on 

24 

25 % Plot residuals. 

26 subplot( 2, 1, 2 ); 

27 h = plot( fitresult, xData, yData, ex, 'residuals' ); 

28 legend( h, 'Demo Fit - residuals', 'Excluded Y vs. X', 'Zero Line 1 , 'Location 1 , 'NorthEast' ); 

29 % Label axes 

30 xlabel( 'X' );ylabel( 'Y 1 );grid on 

And if you run it you will get: 
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Manage outliers 

Manager outlier is a very important subject. Some trainings are given only on this subject 
during almost a whole day. 

Here we show only a very basic example using the core function feval() with the strong 
hypothesis of gaussian distributed residues to eliminate the outliers using the curve fitting 
toolbox functions excludedata() and fit() with various parameters: 



1 - clear all;close all;clc 

2 - warning( 1 off 1 ); 

-------------------------I - - 

3 - mydata=dataset( 1 File 1 , 1 C:\tmp\UnivariateOLS.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

4 - mydata=double(mydata); 

5 - X=mydat a(:,1) ; 

6 - Y=mydata(: , 2 ) ; 

7 - ft = fittype( 1 a*x+b 1 ) ; 

3 - fitl=fit(X,Y,ft) ; 

9 - fdata=feval(fit1,X); 

10 - residu_stdev=std(fdata-Y) ; 

11 - I = aiDs(fdata - Y) > 1.5*residu_stdev; 

12 - outliers = excludedata(X,Y, 1 indices 1 ,I); 

13 - fit2=fit(X,Y,ft, 1 Exclude 1 ,outliers); 

14- fit3 = fit(X,Y,ft, 1 Robust 1 , 1 on 1 ); 

15 - plot(fit1, 1 r- 1 ,X,Y, 1 k. 1 ,outliers, 1 m* 1 ); 

16 - hold on; 

17 - plot(fit2,'c — '); 

13 - plot(fit3, 1 b: 1 ); 

19 - f it 1 

20 - fit2 
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So at the end we have a visual of three different regressions, in red the parametric regression 
including outliers, in dashed cyan the parametric regression without outliers and in dashed 
blue the non-parametric regression: 
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And in the Command Window we have: 
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And if we need to extract some of the coefficients: 


Command Window 




>> 

f it 1 

i — 




lit 

i 

General model: 





fit 1 (x) = a*x+to 





Coefficients (with 

95% 

confidence bounds): 



a = 1.22 

(0. 

69, 1.75) 



to = 3.02 

1.-2 

.066, 8.106) 


>> 

fit 1. a 




ans 

= 





1.2200 




>> 

fit 1. to 




ans 

= 





3.0200 




>> 

confint(fit1) 




ans 

= 





0.6900 -2.0662 




h 

1.7500 8.1062 



T 
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Residuals and Leverage (residual diagnosis) 

We have proved in the theoretical course how to calculate the leverage of the residuals of a 
linear regression. Let us see if we obtain the same results as the one calculated by hand with 
our simple example. 

First we plot the residuals distribution and Henry plot using the function plotResiduals(): 



1 mydata=dataset( 1 File 1 , 1 C:\tmp\UnivariateOLS.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

2 mdl=LinearModel.fit(mydata, 1 linear 1 ) ; 

3 subplot(1,2,1) 

4 plotResiduals(nidi) 

5 subplot(1,2,2) 

6 plotResiduals (nidi, 1 probability 1 ) 

7 nidi. D iagnost ics . Leverage] 


So for the plots we get: 


*) Figure I 


v 


File Edit View Insert Tools DeskJtop Window Help 


U Inj^xj 


"J 6 d ^ U % % ® ’ I © □ El 


0 


Histogram of residuals 


Normal probability plot of residuals 



Residuals 
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And for the diagnostics leverage we get using the function property Leverage of the method 
Diagnostics trough ....Diagnostics.Leverage: 


Command Window 


>> nidi. Diagnostics . Leverage 


0.4711 
0.2011 
0.1511 
0.1211 
0.1111 
0.1211 
0.1511 
0.2011 
0.4711 


o 


h » I 

This is corresponding to what we get in the theoretical course. 
Regression diagnostics wizard 
We can get a lot of others diagnostics using the regstats() function wizard: 



MATLAB R2013a 

HOME PLOTS 


© 




+ + m p ^ ► c: ► 


povb 

|/hart 


Command Window 

>> regstats(X,Y, 1 linear 1 ) 


A 


Busy 


Regstats Export: to Workspace 


r Coefficient Covariance 

V Fitted Values 

V Residuals 

r Mean Square Error 
r R-square Statistic 
r Adjusted R-square Statistic 
r Leverage 

V Hat Matrix 

r Delete-1 Variance 
P Delete-1 Coefficients ^ 

V Standardized Residuals 

V Studentized Residuals 

V Change in Beta 

I” Change in Fitted Value 

V Scaled Change in Fit 

V Change in Covariance 

V Cooks Distance 

V t Statistics 
I” F Statistic 
r DW Statistic 

Cancel 


CM*1 


I Search Documentation 


leverage 

patmat 


FT” 


ptandres 

ptudres 


F 


pffits 

povratio 


[stat 


|fstat 

pwstat 


OK 


Help 


1 


- P 




Workspace 


® 


S* 

Sv 

~H mydata 


Name L. 


Value 


[3; 6; 7; 8; 9; 10; 11; 12; 15] 9x 
[4;9; 12; 15; 17; 16; 17;... 9x 
<9x2 double > 9x 


A 1 

A 


Command History 

® 


BA— 30.08.2014 23:02 —% 
regstats(X,Y, 1 linear 1 ) 
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If we select everything we get in the MATLAB variable workspace the following: 


Workspace 





© 

Name L. 

Value 

Size 

Bytes 


Class 


[3j6j7;8j9j 10j 11; 12j 15] 

9x1 


72 

double 


[4j9j 12; 15; 17; 16; 17; 18; 18] 

9x1 


72 

double 

lJ _ i adjrsquare 

0.7816 

lxl 


3 

double 

llj betaj 

<2x9 double> 

2x9 


144 

double 

cookd 

[0.3994; 0.0079; 0.0147; 0.0756; 0.1644; 0.0034; 4.903 le-06; 0.0063; 0.6323] 

9x1 


72 

double 

ll_i cov l =l 

[3.2112,-0.2077;-0.2077,0.0143] 

2x2 


32 

double 

covratio 

[3.4303; 1.7327; 1.4343; 1.0772;0.9200; 1.5496; 1.6204; 1.6706;0.1224] 

9x1 


72 

double 

-R dfbetas 

<2x9 double> 

2x9 


144 

double 

3 dffit 

Jl. 1947; 0.1034; -0.1032; -0.2194; -0.3790; -0.0500; 0.0021; 0.0359; 0.3269] 

9x1 


72 

double 

dffits 

I^.S536;0.1170;-0.1609;-0.3933;-0.6115;-0.0771;0.0029;0.1036;2.0033] 

9x1 


72 

double 

dwstat 

<1x1 struct> 

lxl 


264 

struct 

c, fstat 

<1x1 struct> 

lxl 


792 

struct 

hatnnat 

<9x9 double> 

9x9 


643 

double 

JR leverage 

[0.6546; 0.2470; 0.1329; 0.1165; 0.1600;0.1329; 0.1600; 0.1931; 0.1931 ] 

9x1 


72 

double 

mse 

2.7293 

lxl 


3 

double 

~H mydata 

<9x2 double> 

9x2 


144 

double 


[0.6304; 0.3152; -0.6739; -1.6630; -1.9891; -0.3261; 0.0109; 0.3478; 3.3478] 

9x1 


72 

double 

^ rsquare 

0.3039 

lxl 


3 

double 

3Js2J 

[2.9930;3.162S;3.0975;2.6630;2.3997;3.1643;3.1S4S;3.1596;0.S554] 

9x1 


72 

double 

standres 

[0.6492; 0.2199;-0.4330;-1,0709;-l .3136;-0.2119; 0.0072; 0.2351; 2.2627] 

9x1 


72 

double 

jR studres 

[0.6200;0.2043;-0.4112;-1.0342;-1.4010;-0.1969;0.0066;0.2135;4.0421] 

9x1 


72 

double 

-ij tstat 

<1x1 struct> 

lxl 


692 

struct 

^yhat 

[2.3696; 5.6343; 7.6739; 9.6630; 10.9391; 10.3261; 10.9391; 11.6522; 11.6522] 

9x1 


72 

double 

<1 





1 jJ 
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Ordinary Least Squares (parametric) multivariate regression 
(with/without interactions) 

Ok now that we have finished our small overview of the univariate parametric linear 
regression techniques we saw during the theoretical course we will now focus on some of the 
multivariate techniques we have studied in details. 

We will for the MATLAB examples, as always until now, use the same data as the one used 
in the theoretical course. 


1 st method (coefficient and constant cannot be extracted) 

We begin first with the tests the student-t test for slopes and constants using the following 
datas: 



To obtain the coefficient and student t-test the first method use the function 

LinearModel.fit(): 


EDITOR PUBLISH VIEW 

m 

I 

] L- ^ B © 

1 

2 

3 

4 

5 

- 

mydata=dataset ('File 1 , 1 C: \tmp\MultivariateOLS.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 
mydata=mat2dataset([mydata.CostA mydata.CostB mydata.CostC mydata.Costs], ... 

1 VarNames 1 ,{ 1 CostA 1 , 1 CostB 1 , 1 CostC 1 , 1 Costs 1 }); 

^simple linear model (without interactions) 
mdl = LinearModel.fit(mydata, 1 linear 1 );| 
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We get then the following: 


Command Window 


nidi = 


Linear regression model: 

Costs - 1 + CostA + CostB + CostC 

Estimated Coefficients: 

Estimate SE 

(Intercept) 35103 1837.2 

CostA 2.066 1.665 

CostB 4.1764 1.6813 

CostC 4.7906 1.7893 


tStat 
19.106 
1.2408 
2.4841 
2.6774 


pValue 
6.112 e-12 
0.23373 
0.025288 
0.017223 


Number of observations: 19, Error degrees of freedom: 15 
Root Mean Squared Error: 1.25e+03 
R-squared: 0.645, Adjusted R-Squared 0.575 
F-statistic vs. constant model: 9.1, p-value = 0.00113 

fx » 


And to obtain the ANOVA of the regression we just use the function anova() as we already 
saw it for the univariate regression: 


Command Window 


>> anova(mdl) 

ans = 



SumSq 

DF 

MeanSq 

F 

pValue 

CostA 

2.4164e+0 6 

1 

2.4164e+0 6 

1.5397 

0.23373 

Costs 

9.6843 e+0 6 

1 

9.6843 e+0 6 

6.1706 

0.025288 

CostC 

1.12 5e+07 

1 

1.12 5e+07 

7.1682 

0.017223 

Error 

2.3 54le+07 

15 

1.5 694e+0 6 




/* >> 
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As for the univariate regression then we can explicitly write the model we are looking for: 


Command Window 


>> %and now with interactions (quadratic) 

>> mdl=LinearHodel.fit (mydata,|^Costs~l+CostA+CostB+CostC+CostA*CostBj) 


nidi = 


Linear regression model: 

Costs ~ 1 + CostC + CostA*CostB 

Estimated Coefficients: 

Estimate SE 

(Intercept) 45507 5909.1 

CostA -3.2599 5.3233 

CostB -3.7341 7.1917 

CostC 4.0733 1.7067 

CostA:CostB 0.01322 0.0071333 


tStat 

7.7012 

-1.4133 

-1.2145 

2.3399 

1.3391 


pValue 
2 . 12 69e-06 
0.17793 
0.24466 
0.03147 
0.037205 


Number of observations: 19, Error degrees of freedom: 14 
Root Mean Squared Error: 1.16e+03 
R-squared: 0.714, Adjusted R-Squared 0.633 
F-statistic vs. constant model: 3.76, p-value = 0.000929 


fx >> 
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2 nd method (coefficient and constant and others can be extracted) 

Now have a look to the second method that a in my point of view more useful because we can 
access directly to the coefficients, confidence interval and residues of the model. This second 
method use also as for the univariate regression the function regress(): 


Command Window 


© 


>> format long g 

>> X= [inydata. CostA mydata.CostB inydata. CostC ones (length (mydata) , 1) ] ; 
>> [coeff ConfInterval residues]=regress(mydata.Costs,X) 

coeff = 


2.0 65953 2 9599594 
4.17635553110151 
4.79064103726411 
35102.9004437403 


Conflnterval = 


-1.48287136062231 

0.592850514346559 

0.976804034023853 

31186.9439838019 


residues = 


1567.01037891478 
617.645134262442 
795.636272675249 
-2042.81461526004 
1000.92710858829 


5.61477795261419 
7.75986054785645 
8.60447804050436 
39018.8569136788 
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If we want to change the model by adding an interaction we just have to write the input matrix 
as following: 


Command Window 


© 


>> format long g 

>> X=[mydata.CostA mydata.CostB mydata. CostC |mydata. Cost A. *mydata. Cos tlT| ones (length (mydata) , 1) ] ; 
>> [coeff Conf Interval residues] =regress (niydata. Costs, X) 

coeff = 


-8.25991226944437 

-8.73406200196337 

4.07879041751122 

0.013219889266409 

45507.0898903344 


Conflnterval = 


-20.7507480687893 
-24.158626582437 
0.418369690375435 
-0.00219746795492074 
32833.3399678668 


residues = 


442.51551608069 
747.675753569783 
896.203539265538 


4.23092352990059 
6.69050257851026 
7.73921114464701 
0.0286372464877387 
58180.8398128019 
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Polynomial multivariate regression using OLS and Curve fit 
Toolbox 

We will see here that the curvefit tool is limited to 2 explanatory variables... Consider the 
following dataset (the same as in the theoretical course): 


DOE, 


Bloc-not 


Fichner Edition Format Affichacje 



fro ad; speed;pres sure; distance 

1;1;1;32700 

1;1;1;32730 

1;1;1;32960 

1;1;2;33430 

1;1;2;33360 

1;1;2;32910 

1;1;3;31710 

1;1;3;32100 

1;1;3;33130 

1;2;1;326S0 

1;2;1;32270 

1;2;1;33130 

1;2;2;34O70 

1;2;2;33100 

1;2;2;33(510 

1;2;3;33220 

1;2;3;33700 

1;2;3;332S5 

2;1;1;331S0 

2;1;1;32160 

2;1;1;32(540 

2;1;2;34430 

2;1;2;342S0 

2;1;2;34460 

2;1;3;33570 

2;1;3;33300 

2;1;3;32570 

2;2;1;33270 

2;2;1;330S0 

2;2;1;32415 

2;2;2;33440 

2;2;2;33570 

2;2;2;34204 

2;2;3;32S40 

2;2;3;33210 

2;2;3;32470 
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We import the data using the same technic as always and we launch the curve fitting toolbox 
by typing cftool: 



The following appears: 



As you can see the tool is limited to two explanatory variables and also without interaction. In 
my point of view this makes the tool almost useless but perhaps there is an unknown tip to me 
to manager more than two explanatory variables. 


MATLAB 


845/1357 


























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


We can otherwise the same stuff by using the function fit( ) and by indicating we want a first 
order polynomial on x and y this is why we write the argument poly 11: 



We the get the coefficients, the confidence intervals and also the plot of the function itself: 
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(Forward) Stepwise regression 

Stepwise regression is a must know method to choose the most accurate explanatory variable 
and to not get to much degrees of freedom that biased the R squares. 


For this purpose we use the stepwisefit() function: 


MATLAB Command Window 


» mydata=dataset( 1 File','C:\tmp\MultiuariateOLS.csu 1 ,'Delimiter',';'); 

» X=double(mat2dataset([mydata.CostA,mydata.CostB,mydata.CostC],_ 

1 UarNames' ‘CostB 1 , 1 CostB', 1 CostC'})); 

» V=double(mydata.Costs); 

» stepwisefit(K,V) 

Initial columns included: none 
Step 1, added column 2, p=0.00542343 
Step 2, added column 3 f p=0.006825Q1 
Final columns included: 2 3 

‘Status' 'P‘ 

'Out 1 
' In' 

' In 1 


□HHI 




'CoeFF' 

[2.0660] 

[5.3210] 

[5.4171] 


ans 


2.O660 

5.3210 

5.4171 


‘Std.Err. ‘ 
[ 1.6650] 

[ 1.4291] 

[ 1.7453] 


[0.2337] 

[0.0018] 

[0.0068] 


A 


As we can see it we get the same results as in the theoretical course. 
Now if instead of stepwisefit() function we use stepwise() function: 
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We get a figure that resume the situation step by step with a wizard. This is the first step: 



This is the second step when you click on Next step: 


* Stepwise Regression HUB 


File Edit Tools Stepwise DeskJtop Window Help 


Coefficients with Error Bars 


Coeff. t-stat p-val 


XI 


X2 


X3 


3.32333 1.7673 G.0962 


5.57913 3.1347 0.0054 


5.41714 3.1033 0.0063 


Next step: 
Move X3 in 




lext Step 


All Steps 


Export . 


0 2 

4 

6 

8 10 


Intercept = 39840.1 

RMSE = 1564.06 



R-square = 0.373668 

AdjR-sq = 0.336825 

F = 10.1421 

p = 0.00542343 


2000 

lu 1800 
CO 

i 1600 

1400 


Model History 

"i- 

* 


_L 

1 


* 

_L 

2 
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And this is the last one: 
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General Linear Models (GLM) 

Ok this is a very big subject that has needed a lot of time in the theoretical course. We haven't 
proved all the post-hoc tests of all these regression models but we saw what was the idea 
behind them. 


Normal regression 

Using the function GeneralizedLinearModel.fit() consider first the Normal parametric 
regression model: 


MATLAB Command Window 


» month=[3 6 7 8 9 10 11 12 15]; 

» sales=[4 9 12 15 17 16 17 18 18]; 

» GeneralizedLinearModel-fit(month,sales, 1 distribution 1 , 1 normal 1 ) 
ans = 


Generalized Linear regression model: 
y ™ 1 + xl 

Distribution = Normal 

Estimated Coefficients: 

Estimate SE tStat pUalue 

(Intercept) 3-82 2.151 1.484 8.28389 

xl 1.22 8.22412 5.4436 8.88896257 


9 obseruations, 7 error degrees of freedom 
Estimated Dispersion: 5.82 

f-statistic us. constant model: 29.6, p-ualue = 8.888963 


□SB 

—3 


±1 


ifl 
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Log-linear Poisson regression 

The log-linear Poisson regression model was not easy to prove in the theoretical course. We 
saw that we have to take especially care of model assumption because Poisson mean is equal 
to its variance. But a part of this, let us take a look if we obtain the same results as the 
calculation made by hand using the same data and the function 

GeneralizedLinearModel.fit(): 


MATLAB Command Window 


» Quarter=1:1:14; 

» Deaths=[0 1 2 3 1 4 9 18 23 31 20 25 37 45]; 

» GeneralizedLinearModel-fit(Quarter,Deaths, 1 distribution 1 , 1 poisson 1 ) 


n 


ans = 


Generalized Linear regression model: 
log(y) ~ 1 + xl 
Distribution = Poisson 

Estimated Coefficients: 

Estimate SE 

(Intercept) 0-33963 0-25119 

xl 0-25652 0-022039 


tStat pUalue 

1-3521 0-17634 

11 -639 2 -5962e-31 


14 observations, 12 error degrees of freedom 
Dispersion: 1 

Chi*2-statistic us- constant model: 178, p-ualue = 1-6e-48 




id 


As we see it we obtain the same results! 
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Binomial (logistic) regression 

The binomial logistic regression is the second most important GLM, used a lot in Credit Risk 
or Social Sciences we have discussed and make a lot of proofs about this model in the 
theoretical course. We did not prove all the corresponding confidence interval tests but the 
major results also this is why we can still see how to use it in MATLAB as we did it for R and 
Minitab. 

Consider the same datas: 



IP LogisticRegression.csv - Bloc-n., 


Fichier 

Edition Format Affichage 

? 

Ihmountcredit ; Status 


27200 

0 


27200 

0 


27200 

0 


27200 

0 

_ 

27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

1 

4 — 

27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 

A 
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First we load the data as we always do: 


MATLAB Command Window | 

mu 

» mydata=dataset( 
» mydata 

File 1 , 1 E:\LogisticRegression.csu 1 , 1 Delimiter 1 , 1 ;" ) ; 


mydata = 



AmountCredit 

Status 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

1 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

0 


27200 

4 1 

0 

i 


UJ-1 

And we regress using once again the function GeneraIizedLinearModel.fit(): 


* MATLAB Command Window 


HHE3 

|» GeneralizedLinearModel.fit(mydata.AmountCredit,mydata.Status,'distribution','binomial') 



a ns = 


Generalized Linear regression 
logit(y) ~ 1 + xl 
Distribution = Binomial 

model: 



Estimated Coefficients: 

Estimate 

SE 

tStat 

pUalue 

(Intercept) -61.318 

12.022 

-5.1003 

3.3905e-07 

xl 0.O02211 

0.0O043O86 

5.1317 

2.8711e-07 


136 obseruations, 134 error degrees of freedom 
Dispersion: 1 

Chi*2-statistic os. constant model: 49.6, p-oalue = 1.92e-12 

» I 


Lil 



And the estimate and the coefficient correspond to what we get by hand and in the other 
softwares. 


Since at least MATLAB 2017a the syntax has change quite a bit. We have to use the function 

glmfit(): 
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MATLAB Command Window 

- 

□ 

X 


» mydata=dataset('File','c:\tmp\LogisticRegression.csu 1 ,'Delimiter 

» [coeff, deu, stats]=glmfit(mydata.AmountCredit,mydata.Statusbinomiallinklogit') 


-61.3183 
0.0022 


deu = 

123.1005 


struct with fields: 


beta: [2xi double] 
dfe: 134 
sfit: 1 .2826 
s: 1 
estdisp: 0 

coub: [2x2 double] 
se: [2X1 double] 
coeffcorr: [2x2 double] 
t: [2xl double] 
p: [2xi double] 
resid: [136x1 double] 
residp: [136x1 double] 
residd: [136x1 double] 
resida: [ 136 xi double] 
wts: [136xi double] 
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Canonical Correlation 

We will use the same data set as in the theoretical course: 



We first prepare the data: 



MATLAB Command Window 


» mydata=dataset('file 1 , 1 c:\tnp\CanonicalCorrelation.csu 1 ,'Delimiter' 
Warning: Variable names were modified to make them valid MATLAB identifiers. 
> In genualidnames at 81 

In @dataset\priuate\setuarnames at 40 
In dataset.readfile at 237 
In dataset.dataset>dataset.dataset at 351 
» K=double(mydata(: f [5,6])); 

» V=double(mydata(:,[3:4,7:10])); 



Ll 


A 
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Now we use the function canoncorr() to get: 


r 

MATLAB Command Window 


■2] 

» 

[A.B.r.U.U 

„stats]=canoncorr(X, V) 




A 

= 






-0,6169 

-1.4221 





0.3204 

-1.4085 




B 

= 






0-4349 

-0.4617 





-0-2 051 

-0.7030 





-0.0037 

0.0614 





-0.4675 

-0.0035 




-0.2211 

0.2950 




-0.3972 

-1.0062 



r 

= 





0.9794 

0.9057 





A. 

/ 


U 

— 





0.8636 

-0.0581 




1.3050 

-0.7582 




-0.6042 

-0.2208 




1.4083 

-2.4525 




-0.7596 

-0.3644 




-0.3895 

0.4889 





-0.3942 

1 .3367 





1.6503 

-1.0358 





-1 .1370 

0.0541 





-0.5104 

-0.2194 





1 .2385 

-0.0526 





0.0223 

-0.4943 





-0.8581 

0.4821 





-0.1427 

1.0578 





0.6096 

0.6448 





-0.4488 

-0.0772 





-0.2613 

-0.0745 


1 

\ 


0.5527 

-0.3452 



% 


-0.2613 

-0.0745 




1.0486 

0.3686 




-2.0375 

-0.9482 




0.4742 

2.4799 




0.6048 

1.4926 




-1.9734 

-1 .2299 
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0.6601 

-0.4763 

1.7587 

-0.3436 

-0.8222 

-0.0335 

1 .3935 

-2.5096 

-1.1655 

0.8629 

-0.4568 

0.4172 

-0.2O65 

0.4340 

1.3479 

-1.3044 

-1.0775 

-0.2734 

-0.3702 

-0.1025 

1 .3081 

0.2749 

0.3037 

0.1315 

-0.5343 

0.6159 

-0.3703 

1.1489 

0.6063 

0.4245 

-0.3438 

-0.0595 

-0.1979 

0.0090 

0.4520 

-0.4657 

-0.1469 

0.3481 

0.8207 

0.0922 

-2.0194 

-0.8844 

0.4724 

2.1346 

0.5551 

1.4684 

-1 .9670 

-1.9091 

its = 

Wilks: 

[0.0073 

dfl: 

[12 5] 

df 2: 

[32 17] 

F: 

[28.4743 

pF: 

[1.1178e 

chisq: 

[90.9347 

pChisq: 

[3.2541e 

dFe: 

[12 5] 

P = 

[3.2541e 


We get the same correlations coefficient as in the theoretical course. The coefficients of the 
variables are not the same because MATLAB don’t give back center reduced coefficients. 
Otherwise for the statistics (Wilks, etc.) we did not study them in the theoretical course. 
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Akaike Information Criterion (AIC) and Bayesian Information 
Criterion 

The purpose here is to see if we obtain the same results as in the theoretical course and also to 
compare the results with R and Minitab. 

First we do a "simple" classic Normal GLM of our know dataset: 


^ MATLAB Command Window 


» mydata=dataset( 1 File 1 , 1 C:\tmp\MultiuariateOLS.csu 1 , 1 Delimiter 

» X=double(mat2dataset([mydata-CostA,mydata.CostB,mydata.CostC],_ 

1 UarNames 1 ,{ 1 CostB 1 , 1 CostB 1 , 1 CostC 1 >)); 

» Y=double(mydata.Costs); 

» modelGLM=GeneralizedLinearModel.fit(X,Y, 1 distribution 1 , 1 normal 1 ) 
modelGLM = 


Generalized Linear 

regression 

model: 



y ~ 1 + xl + x2 

: + x3 




Distribution = 

Normal 




Estimated Coefficients: 





Estimate 

SE 

tStat 

pUalue 

(Intercept) 

35103 

1837.2 

19.106 

6.112e-12 

xl 

2.066 

1.665 

1.2408 

0.23373 

x2 

4.1764 

1.6813 

2.4841 

0.025288 

x3 

4.7906 

1.7893 

2.6774 

0.017223 


19 observations, 15 error degrees of freedom 
Estimated Dispersion: 1.57e+06 

F-statistic us. constant model: 9.1, p-ualue = 0.00113 

» 



At this point we have exactly the same values as Minitab and R. Now we will ask for the AIC 


and BIC value of this model: 
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As we can see... the value is quite different from R and Minitab (almost 20% of difference). 
We can't compare with calculations made by hand because in the theoretical course during the 
study of entropy we saw that the foundations of the AIC are very empirical. 
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Data Mining/Machine Learning 

As we saw in the Numerical Methods theoretical course Data Mining/Machine learning is a 
very big subject. Even if my favorite software for this purpose remains at this day Tanagra 
first and R in second and RapidMiner in the third position let us have a look to the possibility 
of some MATLAB core functions in this area. 


Naive Bayes 



Now we use the NaiveBayes.fit( ) and NaiveBayes.predict( ) function after importing, 
randomizing and sampling the original data: 
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1 - 

2 

3 - 

4 - 

5 - 

6 - 

7 - 

6 

9 

10 - 

11 - 

12 - 

13 

14 

15 - 

16 
17 

ie - 
19 


mydaca= dataset ( 1 File 1 , * C: \ tHip\ Waive Bayes .csv 1 , 1 Delimiter 1 , 1 ; 1 ) ; 
k ue randomise the sample 

crd-r&ndperiiitBiEe (mydata. Ejcsmp Le, 1J) ; 

Co lor=inydata. Color tord, :) : 

Type=my data. Type (ord, :) ; 

Or igin-mydata. Or igin [ord ; :) ? 

3tolen=wdata, Stolen £ord # :) ; 

*ve split into training/test ing 
data*[pud 1 Stolen, Color, Type* Origin] 

training_set=data (- *2:5); 5ve take everything even if it“a stupid 
testing sefdata (: , 2: 5) ; ^ve also take everything even if it's stupid 


% train igodel^uainj^Nult i noma a 1 model because there is a row with only 
naivB=JlaiveBaye3^fit|(tra in inor^set, Stolen, 'Distribution' , 'ran 1 1 


\ prediction 

P r ed ie t io n_£to 1 en Jna i vB , pr e diet! t es t i ng_set) ; 


20 ^comparison model/real ity 

21 - [Stolen Predict ion_Sto len] | 

22 % confusion ma trix 

23 - Lconfuslonmat|(Stolen^Predittion_Stolen) 



MATLAB 


862/1357 














Vincent ISOZ, Daname KOLANI 


Sciences.ch 



Command Window 

data = 



6 

Oil 

1 

2 

0 0 0 

0 

10 

10 0 

1 

3 

10 0 

0 

9 

0 0 1 

1 

11 

10 1 

0 

4 

0 10 

0 

8 

Oil 

0 

1 

10 0 

0 

7 

111 

1 

5 

110 

1 

naivB = 



Naive Bayes classifier with 

2 classes for 4 dimensions. 

Feature 

Distritoution(s):mn 


Classes: 

: 0 f 1 


ans = 


T 

0 

0 


0 

1 


1 

1 


1 

1 


0 

0 


1 

1 


0 

0 


0 

0 


1 

1 


1 

1 


1 

1 


ans = 



4 

1 


0 

6 


We can't compare with the theoretical course because of the sampling but it is difficult to 
imagine that anything can be false... 
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The syntax has change quite a bit since MATLAB 2017a, we have to use the function 

fitcnb(): 


# vl.AT LAB Command vV i n d ov. 



— 

□ 

■ 

» mydata=dataset('File','c: 

\tmp\NaiueBayes-csu 1 ,'Delimiter 



a 

mydata = 






Example Color Type Origin 

Stolen 




1 0 0 

0 

1 




2 0 0 

0 

0 




3 0 0 

0 

1 




4 10 

0 

0 




5 10 

1 

1 




6 11 

1 

0 




7 11 

1 

1 




8 11 

0 

0 




9 0 1 

1 

0 




10 0 0 

1 

1 




11 0 1 

0 

1 




» mydata=dataset2table(mydata); 





» fitcnb(mydata(:,2:4),mydata(:,5)) 





ans = 






ClassificationNaiueBayes 






PredictorNames: 

{'Color' 

'Type' 'Origin'} 




ResponseName: 

’Stolen' 





CategoricalPredictors: 

[] 





ClassNames: 

[0 1] 





ScoreTransForm: 

'none' 





NumObseruations: 

11 





DistributionNames: 

{’normal’ 

'normal' 'normal'} 




DistributionParameters: 

{2X3 cell} 





» 











V 

< 





> 


d see h i 


and to see how the model is accurate relatively t our training set we will use now the function 
resubPredictO, and the function loss( ) if we want to get the percentage of bad accuracy of the 
model: 
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-jfr MATLAB Command Window 

— 

□ 

X 

» PredictStolen=resubPredict(model) 



a 


PredictStolen = 

1 
1 
1 
e 

i 

e 
e 
e 

i 
i 
0 

» confusionmat(mydata.Stolen,PredictStolen) 
ans = 


2 

4 


» loss(model,mydata(:,2:4),mydata-Stolen) 
ans = 

0.3636 


v 

> 


and to predict for a new value we will 


ill use the function predict(): 


-ffr MATLAB Command Window 


□ X 


» predict(model,[1 0 1]) 
ans = 

1 
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k-NN (k-Nearest Neighbors) 

K Nearest Neighbors is another Machine Learning technic we have study in the theoretical 
course. We will also use the same small dataset to control if we get the same results as the one 
calculated by hand: 



We must first convert all non-numeric values into numeric because MATLAB doesn't handle 
(actually...) string: 



After we just need to call the function knnclassify() and we plot on the same chart the model 
vs the original (in circles): 
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1 Iwe will supposed that the content is alread randomized 

2 - mydata= dataset ( 1 File 1 , 1 C tmp\ knn. csv 1 , 1 Delimiter 1 , 1 ; 1 ) ; 

3 Vue won't do a training and test set (see Naive Bayes example for this) 

4 s train! ng_dat a= (my dat a h suee t nes s my data >crisp] ; 

6 Vuith tht susstntss 6 and crisp Q classification? 

7 - number_nn s l; 

8— knnclassify((6 0],training_data,mydata.category,numfaer_nn) 

9 

10 Van d T.jith all da ta themself? 

11 - knn=|knnc£asS B i£yj( tr aining_data , tr aining_data, mydata, cat egor y^ numtoer_im) ; 

12 ^ comp at i son* [mydata > category knn] 

13 

14 Vand a plot 

15 - gscatter (traimng_data (: , i) , traimng_daca ( :,2) ,mydata. category) ; 

16- xlim([0 10] ) ;yiim( (0 10]); 

17 

18 - hold on; grid on; 

19 - gscatter (training_data(: ^ 1) / training_data ( :, 2) , knn, 1 rgb“ , 1 o' ) ; 

20 - legend( 1 fruit 1 f 1 vegetable 1 * 1 protein 1 ) ; 

21 - xlabel( 1 su&etness 1 ); yiatoei( 1 crisp 1 ); 
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Since MATLAB 2017a the syntax has change quite a bit using the function knnsearch(): 



MATLAB 
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^ MATLAB Command Window 

— 

□ 

X 

►> mydata=dataset('File 1 ,'c:\tmp\knnText.csv',‘Delimiter',‘;‘) 



a 


mydata = 



ingredient 

sweetness 

crisp 

category 


‘grapes‘ 

8 

S 

‘fruit‘ 


‘green bean 1 

3 

7 

‘vegetable' 


‘nuts‘ 

3 

6 

‘protein‘ 


‘orange‘ 

7 

3 

‘fruit 1 

» 

testpoint=[4 9]; 




» 

[n, d]=knnsearch(mydata(:,2:3), 

testpoint, 

‘k‘,1) 

Uarning: Converting 

dataset data 

to double. 


> 

In KDTreeSearcher 

(line 214) 




In createns (line 

163) 




In knnsearch (line 

140) 




n = 

2 

d = 

2-2361 

» 


< > 


K-means (Euclidian full) 

The k-means algorithm is the most easy machine learning algorithm implemented in 
MATLAB. To see if we found with MATLAB the same results as calculations made by hand 
and with Mini tab, Tanagra and R we will use the same dataset: 
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First we simply plot the actual values of the dataset: 


m 


s, 


1 - mydata=dataset ('File 1 , 1 C: \tmp\KMeans.csv 1 , 'Delimiter 

2 - sizeQfPoints=50; 

3 - scatter(mydata.Revenus,mydata.Surface,sizeOfPoints,mydata.Proprio, 1 fill 1 ) 

4- I] = unique(mydata.Proprio); 

5 - p = findobj(gca, 1 Type 1 , ' Patch 1 ) ; 

6 - legend(p(I), 1 Non Proprio 1 , 1 Proprio 1 ) 
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We can guess that a pattern exists: 



Now we use the kmeans( ) with implicitly the Euclidian distance to found two clusters: 



1 - mydata=dataset( 'File' , 'C:\tmp\KMeans.csv 1 11 , ' Delimiter 1 , ' ; 1 ); 

2 - sizeOfPoints=50; 

3 - scatter(mydata.Revenus,mydata.Surface,sizeOfPoints,mydata.Proprio, 1 fill 1 ); 

4- I] = unique(mydata.Proprio); 

5 - p = findobj[gca, 1 Type 1 , ' Patch 1 ); 

6 - legend(p(I), ' Hon Proprio 1 , 'Proprio 1 ) 

7 

3 Clusters_=2 

9 - data=[mydata.Revenus,mydata.Surface]; 

10 - [ idx, ctrs] =|kmeans| ( data. Clusters) 

11 - plot(data(idx==l,1),data(idx==l,2), ' r. 1 , 'MarkerSize 1 , 12) 

12 - hold on 

13 - plot(data(idx==2,1),data(idx==2,2), 1 b. 1 , 1 MarkerSize 1 ,12) 

14 - plot(ctrs(:,1),ctrs(:,2), 1 kx 1 , 1 MarkerSize 1 , 12, ' LineWidth 1 ,2) 

15 - plot(ctrs(:,1),ctrs(:,2), 1 ko 1 , 1 MarkerSize 1 ,12, 1 LineWidth 1 ,2) 

16 - legend( 'Non Proprio 1 , 1 Proprio 1 , 1 Centroids' , 'Location' , 'NW' ) 

17 - hold off 
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and we script also plot now the two centroids with what will be consider as a Proprio and 
what will not be considered as a Proprio: 
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Another thing we can do is to get directly the classification from the original dataset and the 
coordinates of the centroids: 


Comnnanri Winclnw 


» t iefx, ccra] ~Jatieans (data, 2) 
id k ■ 

Z 

1 

z 

2 

1 

1 

1 

1 

2 

1 

Z 

1 

1 

2 

2 

2 

1 

2 

2 

2 

Z 

Z 

2 

2 



etics 


09.6000 

55.7400 


19.7333 
18.4800 


Take care!!! The order of the centroids will change randomly at each execution! 
ToDo: Add here a confusion matrix using confusionmat() 


MATLAB 


873/1357 






Vincent ISOZ, Daname KOLANI 


Sciences.ch 


And what about the silhouette of the algorithm. For this purpose we use the function 

silhouette(): 


EDITOR 

PUBLISH 

VIEW 

\&m 

. ^ <?* B 



1 - mydata=dataset ('File 1 , 1 C: \ tmp\ KMeans . csv 1 , 'Del imiter ',';'); 

2 - sizeQfPoints=50; 

3 - scatter(mydata.Revenus,mydata.Surface,sizeOfPoints,mydata.Proprio, 'fill 1 ); 

4- [™, I] = unique(mydata.Proprio); 

5 - p = findobj(gca, 'Type 1 , 'Patch' ) ; 

6 - legend(p(I),' Non Proprio ',' Proprio' ) 

7 

8 - Clusters=2 

9 - data=[mydata.Revenus,mydata.Surface]; 

10 - [idx,ctrs]=kmeans(data,Clusters) 

11 - plot(data(idx==l,1),data(idx==l,2), 'r.' , 'MarkerSize' ,12) 

12 - hold on 

13 - plot(data(idx==2,1),data(idx==2, 2 ) , 1 b . ' , 'MarkerSize' ,12) 

14 - plot(ctrs(:,1),ctrs(:,2), 1 kx 1 ,' Markersize' ,12, 'LineWidth' ,2) 

15 - plot(ctrs(:,1),ctrs(:,2), 1 ko 1 ,' Markersize' ,12, 'LineWidth' ,2) 

16 - legend('Non Proprio ', 1 Proprio ',' Centroids ', 1 Location' ,' NW 1 ) 

17 - hold off 

13 

19 

20 - 
21 - 
22 - 
23 - 


And we 


^silhouette qualitative cluster quality segmentation 
[silh3,h] = silhouette(data,idx, 'city ') ; 
set(get(gca, 'Children' ),' FaceColor ',[.8 .8 1]) 
xlabel(' Silhouette Value') 
ylabel(' Cluster ' ) 


get: 



File Edit View Insert Tools Desktop Window Help 


H j a d £ I fe I a a o ® ig /. - 1 a | □ g | c 0 



0.4 0.6 

Silhouette Value 


Each bar represents the affectation of a point to the centroid and the height of the bar 
represents its normalized distance. 
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We can check that the system use the Euclidian distance by calculating yourself the 
affectation of each point at each centroid: 


14 


% ^ 


25 


26 


27 


28 

- 

29 

- 

30 

- 

31 

- 

32 

- 

33 

- 

34 


35 

- 

36 



^prediction with all data (take care again! the cluster center number can 
%also change at each run!) what is the nearest cluster id! 

[idx,ctrs]=kmeans(data,Clusters); 
t e s t_£p in t =[90 20]; 

Ej] for i = 1:size(ctrs,2) 

d(:,i) = sum((data-ctrs[repmat(i,size(data,1),1),:)) . A 2,2) ; 

end 

[distances,predicted] = min(d,[],2); 
ctrs 

predicted 


Command Window 


ctrs = 




89.6000 

55.7400 


predicted = 

2 

1 

2 

2 

1 

1 

1 

1 

2 

1 

2 

1 

1 


19.7333 

18.4800 


Or much more interesting: We do the something with a new point!: 

■ 



36 

37 

38 - 

39 - 

40 - 

41 - 

42 - 

43 - 

44 - 

45 - 


%or for just one data 
[idx,ctrs]=kmeans(data,Clusters); 
test_point=[90 20]; 

5 for i = 1:size(ctrs,2) 

d( : , i) = sum((test_point-ctrs(repmat(i,size(test_point, 1) ,1) , :) ) . A 2,2) 

end 

[distances,predicted] = min(d,[],2); 
ctrs 

predicted] 
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Here is the whole part script for classification of new points for those that want a global 
overview of the last steps: 


□a m . - ^ - 


37 

33 

_ 

39 

- 

40 

- 

41 

- 

42 

- 

43 


44 


45 

- 

46 

- 

47 

- 

43 

- 

49 

- 


%or a prediction for just one data 
clear all;close all;clc 

mydata=dataset ['File 1 , 1 C:\tmp\KHeans.csv 1 , 1 Delimiter 
Clusters=2; 

dat a=[mydat a.Reve nus ,mydat a. S ur f ac e ] ; 

[idx,ctrs] =kmeans(data,Clusters); 
test_point=[90 20]; 

□ for i = 1: size [ctrs, 2 ) 

d ( : , i) = sum[(test_point-ctrs[repmat(i,size[test_point,1),1),:)) . A 2,2) 

L end 

[distances,predicted] = min(d,[],2); 
ctrs 

predicted 


If you want to be able to reproduce the same results at 
generator: 


%or a prediction for just one data 
clear all;close all;clc 


37 

33 

_ 

39 

- 

40 

- 

41 

- 

42 

- 

43 

- 

44 

- 

45 

- 

46 

- 

47 

- 

43 

- 

49 

- 

50 

- 



t each run th 


thus seed the random 


^an^^ee^^OJ^^^o^keekp^^he^same^centro^i^^orde^^a^eacl^rimjJ 

mydata=dataset( 1 File 1 , 1 C:\tmp\KHeans.csv 1 , 1 Delimiter 
Clusters=2; 

data=[mydata.Revenus,mydata.Surface]; 

[idx,ctrs]=kmeans[data. Clusters) ; 
test_point=[90 20]; 
for i = 1:size(ctrs,2) 

d(:,i) = sum[[test_point-ctrs(repmat(i,size(test_point, 1) ,1) , :) ) . A 2,2) 

end 

[distances,predicted] = min[d,[],2); 
ctrs 

predicted 



K-medoids 


The k-medoids is very similar to the k-means. The only difference is that the centroids are put 
on the nearest physical point of the initial dataset. 

The only one thing that has to be know is the function name as everything else follows the 
same procedure as for the k-means: 
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Hierarchical Ascendant Classification (HAC) dendrogram 

CAH Dendrogram was an easy part of the Data Mining course: easy to define, boring to 
calculate but without using complex mathematics... 

We will also use the same data as in the theoretical course 



First we see that in MATLAB using the functions pdist( ) and squareform( ) together: 



1 mydata=dataset( 1 File 1 , 1 C:\tmp\KMeans.csv 1 , 1 Delimiter 1 f 1 ; 1 ); 

2 data=[mydata.Revenus,mydata.Surface]; 

3 %to check if we found the same as in the theoretical course 

4 squareform(pdist(data)) 

A 
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So we can see if get the same matrix as the one calculated by hand (yes this was boring...): 



Now if we use the dendrogram() function: 


EDITOR 

PUBLISH 

VIEW 

® m 

H B 



1 mydata=dataset( 1 File 1 , 1 C:\tmp\KMeans.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

2 data=[mydata.Revenus,mydata.Surface] ; 

3|| %to check if we found the same as in the theoretical course 

4 

5 


squareform(pdist(data)) 

| dendrogram(linkage(squareform(pdist(data)))) 
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We get: 



So we get the same thing as in the theoretical course! Nice! 
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Now have a look to what we call the linkages. Each row represents a couple at the bottom of 
the tree. But the distance shown are a little bit strange. They do not correspond with what we 
get in the theoretical course (that were perfectly corresponding with the distance given by 
Minitab): 



Now using the function cluster() with a given cutoff high we can calculate row data belongs 
to which category: 


EDITOR 

PUBLISH 

VIEW 

GB M l 

1--- 

m ^ © 



1 - mydata=dataset ('File 1 , 1 C:\tmp\KMeans. csv 1 , 'Delimiter' ,' ;' ) 

2 - data=[mydata.Revenus mydata.Surface]; 

3 - dendrogram(linkage(squareform(pdist(data) ))) ; 

4 ^cluster and cutt-off based on distance 

5 - ClustGroup=cluster(linkage(squareform(pdist(data))), 1 cutoff 1 ,25, . .. 

6 1 criterion 1 , 1 distance 1 ); 

7 - IdxClustGroup=[ClustGroup, (1:1:length(data)) 1 ] 
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Following this cluster rule with this empirical cluster cutoff high we get (the second column 
contains the originals row data line number this is why there are 24 rows) the following result 
in the Command Window. Focus on the fact that at the cutoff of 25, as you can see on the 
chart, there are 7 clusters (seven branches) numbered for right to left: 


Command Window 


IdxClustGuoup = 


7 1 

6 2 

7 3 

7 4 

6 5 

5 6 

5 7 

6 8 

7 9 

1 10 

3 11 

6 12 

2 13 

3 14 

7 15 

3 16 

6 17 

3 18 

7 19 

7 20 

3 21 

4 22 

3 23 

7 24 

A 


We can also write prune visually the dendrogram to get: 
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CART Classification trees (Gini index based) 

In the Data Mining course we also see how to create a classification system based on a 
technique called "CART" (Classification And Regression Tree) using the empirical Gini 
index. 


First we will use the same data: 




We import the data as usual in a dataset, we define the Proprio column as being logical 
(binary) with the function logical() et after we run the classregtree() function with the gdi 
parameter to say that we want an Gini index classification: 



1 mydata= dataset ( 1 File 1 f ' C : \ tmp\ KMeans . cav 1 , * Delimiter 1 , 1 j 1 ) ; 

Z da c t my da c a.$ ur £ ace, my data. fce ve nus); 

3 Froprio=l ogical(mydata^ Proprio); 

4 tree f ull jclassregcreet data, Proprio , 1 names 1 , { 1 Surface 1 1 Revenue 1 ) , . . . 

5 1 apliter iter ion 1 , 1 gdi 1 ^ 1 in inleaf 1 f 1) 

6 view (tree_f ull) 
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To see the result we use the function view() on the tree object: 


Command Window ® 


>> mydata=dataset( 1 File 1 , 1 C:\tmp\KMeans.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 
data=[mydata.Surface,mydata.Revenus]; 

Proprio=logical(mydata.Proprio); 

tree_full=classregtree(data, Proprio, 1 names 1 , { 1 Surface 1 1 Revenus 1 }, . . . 


1 spliteriterion 1 , 1 gdi 1 , 1 minleaf 1 ,1) 
view(tree_full) 
tree full = 


Decision tree for classification 

1 

if Revenus<78 then node 2 

elseif Revenus>=78 then node 3 else 0 

2 

if Surface<19.3 then node 

4 elseif Surface>=19.8 then node 5 else 1 

3 

class = 0 


4 

class = 1 


5 

class = 0 



A » 


we also get the following tree: 



Classification tree viewer 




File Tools Desktop Tree Window Help 





U^ ^ o 

Click to display: Identity 

Magnification: |l00% 

T | Pruning leuel: 

0 of 2 

L 



The last value of 19.8 correspond perfectly with what we get in the theoretical course but not 
the second value of 78 (in the theoretical course we get 84.75)... I have to investigate where 
this difference comes from. 
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1 mydata=dataset ('File 1 , ' C: \tmp\KMeans.csv 1 , 'Delimiter' , ';' ); 

2 data=[mydata.Surface,mydata.Revenus] ; 

3 Proprio=logical(mydata.Proprio); 

4 tree_full=classregtree(data,Proprio,' names' ,{ 'Surface' 'Pevenus '},... 

5 'splitcriterion','gdi' , 'minleaf ' , 1) 

6 view(tree_full) 

7 

8 
9 

10 


%some tree prunning for fun! 
tree_pruned = prune(tree_full, 'level ', 1); 
view(tree_pruned) 


We can make tree pruning if we want: 



- Classification tree viewer 


File Tools Desktop Tree Window Help 


mm 


IB ^ « 

Click to display: (identity 

Magnification: 100% 

Pruning leuel: 

Oof 1 

_ 





MATLAB 


886/1357 
































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


We can also predict the classification for a new input but the given output is false in 
comparison to the drawed tree above and I must investigate why!: 


Command Window ® 


» eval(tree_full, [75 19]) 
ans = 


1 O' 

» | 


But for the whole dataset we get something good (??? 0_o ?!): 


Command Window 

< 

5 


» [mydata. 

Proprio strSnum(cel12mat(eval(tree full, data) ) ) ] 



ans = 




0 

1 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



0 

0 



1 

1 



1 

0 



1 

1 



1 

0 



1 

0 



1 

1 



1 

1 



1 

1 

— 


1 

1 


1 

1 

k 

1 

1 

d 
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We can use the function confusionmat() to quickly get the confusion matrix: 


Command Window 


>>l conf usionmatlniydata. Propr io, strSnum (cellSmat (aval (tree_f ull, data) ) ) ) 


ans = 


11 1 

3 9 

A » I 


Since MATLAB 2017a the syntax has change quite a bit, we must use the function fitctree(): 


^ MATLAB Command Window — □ X 

» mydata=dataset('File','c:/tmp/CART.csu','Delimiter',' ;'); 

» Proprio=logical(mydata.Proprio); 

» mydata=mydata(:„1:2); 

» model=fitctree(mydata,Proprio,'SplitCriterion' ,'gdi') 
model = 

ClassificationTree 

PredictorNames: 

ResponseName: 

CategoricalPredictors: 

ClassNames: 

ScoreTransform: 

NumObseroations: 


< > 


and to get the model details we write: 



^ MATLAB Command Window 

- 

□ X 

» uiew(model) 


A 


Decision tree for classification 

1 if Reuenus<78 then node 2 elseif Reuenus>=78 then node 3 else false 

2 if Surface<19.8 then node 4 elseif Surface>=19.8 then node 5 else false 

3 class = true 

4 class = false 

5 class = true 

» 


{'Reuenus' 
■V 
[] 

[8 1 ] 

'none' 

24 


'Surface'> 


v 


< 


and to visualize, we use the function view() on our model: 
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^ MATLAB Command Window — 

□ 

X 

» uiew(fitctree(mydata,Proprio,'SplitCriterion','gdi'),'Mode','graph') 


A 

» | 





V 

< 


> 


That gives: 



and we can do again some pruning: 
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MATLAB Command Window 

- 

□ 

X 

» uiew(prune(model,'leuel',1),'Mode','graph') 

» | 



A 

< 



V 

> 


to get: 



We can get the confusion matrix in a bit easier way: 
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As always the purpose here is to see if we get the same results as in theoretical course and 
also compare it to the results obtained with R and Microsoft Excel. 

For this purpose we will use the same dissimilarity matrix as in the theoretical course with the 
function mdscale(): 
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B C:\Documents and 5ettings\Administrateur\Mes documents.MultidimensionnalScaling.m 

EDITOR 

PUBLISH 

VIEW 


1$ M 

S3 E © a - E 



1 

- 

clear all;close all;clc; 










2 

- 

countries = 

. . . 











3 


{ 1 Brasil 1 , 1 Congo 1 , 

1 Cuba 1 

, 1 Egypt 1 , 1 

France 1 , 1 

India 1 

, 1 Israel 1 , 

1 Japan 1 , 1 Chin 

4 


1 Russia 1 , 1 USA 1 , 1 Yougoslavie 1 } 

; 








5 

- 

D = [ □ 

4.17 

3.72 

5.56 

4.28 

4.50 

5.17 

5.50 

6.61 

5.94 

3 . 61 

5.83; 

6 


4.17 

0 

4.44 

4.00 

5.00 

4.17 

5.67 

5.61 

5.00 

5.61 

6. 61 

5.50; 

7 


| 3.72 

4.44 

0 

3.83 

4.89 

5.00 

5.39 

6.06 

3.50 

3.56 

5.83 

3.89; 

3 


5.56 

4.00 

3.83 

0 

4.22 

3.17 

4.33 

5.17 

4.61 

4.61 

5.67 

4.72; 

9 


4.28 

5.00 

4.89 

4.22 

0 

5.56 

5.00 

4.78 

5.33 

3.94 

3.06 

4.28; 

10 


4.50 

4.17 

5.00 

3.17 

5.56 

0 

4.89 

4.50 

4.89 

4.50 

4.72 

5.00; 

11 


5.17 

5.67 

5.39 

4.33 

5.00 

4.89 

0 

4.17 

6.00 

4.83 

3.06 

4.56; 

12 


5.50 

5.61 

6.06 

5.17 

4.78 

4.50 

4.17 

0 

4.83 

4.39 

2.94 

4.72; 

13 


6.61 

5.00 

3.50 

4.61 

5.33 

4.89 

6.00 

4.83 

0 

3.28 

6.44 

3.94; 

14 


5.94 

5.61 

3.56 

4.61 

3.94 

4.50 

4.83 

4.39 

3.28 

0 

4.00 

2.33; 

15 


3.61 

6. 61 

5.83 

5.67 

3.06 

4.72 

3.06 

2.94 

6.44 

4.00 

0 

5.44; 

16 


5.83 

5.50 

3.89 

4.72 

4.28 

5.00 

4.56 

4.72 

3.94 

2.33 

5.44 

o]; 

17 

- 

Y = mdscale(D,2, 1 Criterion 1 , 1 

metricstress 1 ) 






13 

- 

plot(Y(:,1), 

Y(:,2) 











19 

- 

grid on; 












20 

- 

text(Y(:,1), 

Y(:,2) 

,countries) 

H- 









And we get: 




Command Window I 


Y = 



1.5019 

3.5289 


-2.7597 

2.9266 


-2.9667 

-0.4965 


-1.9183 

0.9899 


1.5098 

0.7958 


-0.6989 

2.4630 


3.3481 

-0.8143 


2.4254 

-2.3751 


-2.8981 

-2.5167 


-0.4575 

-2.0914 


3.4077 

0.7098 


-0.4936 

-3.1200 

k 

»l 



And: 


MATLAB 


892/1357 














Vincent ISOZ, Daname KOLANI 


Sciences.ch 



Thus the results are near for the third method used in the R training and far away from the 
calculations made with Microsoft Excel. But the interpretation of clusters still remains the 
same. 

Parametric Principal Component Analysis 

As we saw it in the theoretical statistic course, PCA is a very important tool in a lot of 
different domains. The proof of the parametric model was very long but the results powerful. 

In the MATLAB exercise we will as always use exactly the same data set as the one unsed in 
the theoretical course. That is: a subset of the Fisher Iris set: 


MATLAB 
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After we just need to import the data and use the function princomp(): 
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We get exactly the same eigen vectors and eigen values as the calculations made by hand: 


Command Window 


eigen_vec = 

0.6410 
-0.3528 
0.6817 


eigen_val = 

2.0302 
0.8846 
0.0853 


0.3803 

0.9174 

0.1171 


-0.6667 
0.1842 
0.7222 


h » I 

We can also plot the famous biplot using the 




EDITOR 

PUBLISH 

VIEW 


® H 

^ B 


1 - 

2 - 

3 - 

4 - 

5 

6 
7 


clear all;close all;clc; 

mydata=dataset( 1 File 1 , 1 C:\tmp\PCA.csv 1 , 1 Delimiter 1 , 1 ; 1 
mydata=double(mydata( = ,2:4) ) ; 

[eigen vec, Z, eigen val]=princomp(zscore(mydata)) 


biplot(eigen_vec( : , 1 : 2 ) , 1 Scores ',Z(:,1:2),' VarLabels 1 , 
{ 1 Sepa|l Length 1 , 1 Sepal Width 1 , 1 Petal Length 1 } ) 
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We get the following factorial plan that has the same scatter point structure as in the 
theoretical course. But the values of the scatter points are not the same as the one of Minitab 
and R or even as the one calculated by hand but the vectors are corresponding to the one we 
calculated by hand (but not corresponding with Mini tab and R): 
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And if you we want all the stuff in 3D: 


EDITOR 

PUBLISH 

VIEW 



I 

JL Hi ' 

% B 



1 - clear all;close all;clc; 

2 - mydata=dataset( 1 File 1 , ' C: \tmp\PCA.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

3 - mydata=double (mydata ( : , 2 : 4) ) ; 

4- [eigen_vec, Z, eigen_val]= princomp(zscore(mydata)) 

5 

6 - 

7 

8 

9 - 
10 


biplot(eigen_vec( : , 1: 2 ), 'Scores' ,S(:,1: 2 ),' VarLabels' , ... 
{'Sepal Length' , 'Sepal Width' , 'Petal Length'}) 


biplot(eigen_vec( : , 1: 3 ), 'Scores' , Z ( : , 1: 3 ), 'VarLabels' , ... 
{'Sepal Length' , 'Sepal Width' , 'Petal Length'})] 


We get: 
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We can also add the famous Pareto eigenvalues ponderation: 



1 

1 

- 

2 

- 

3 

- 

4 

- 

5 


6 

- 

7 


3 


9 

- 

10 


11 


12 

- 

13 

- 

14 

— 


a - ^ - © 


clear all;close all;clc; 

mydata=dataset( 1 File 1 , 1 C:\tmp\PCA.csv 1 , 1 Delimiter 1 , 1 ; 1 | 
mydata=double(mydata(:,2:4)); 

[eigen_vec, Z, eigen_val]= princomp(zscore(mydata)) 

biplot(eigen_vec(:,1: 2 ) , 1 Scores ',Z(:,1:2),' VarLaJoels 1 , 

{ 1 Sepal Length 1 , 1 Sepal Width 1 , 1 Petal Length 1 }) 

biplot(eigen_vec(:,1:3), 1 Scores ',Z(:,1:3),' VarLatoels 1 , 
{'Sepal Length 1 , 1 Sepal Width 1 , 1 Petal Length 1 }) 


pareto (eigen_val) ;| 

xlatoel( 1 Principal Component 1 ); 

ylaloel( 1 Variance Explained (%)' 


So we get the following "scree plot": 


m 




Figure I 


File Edit View Insert Tools DeskJtop Window Help 


ME 


M J £3 d £ I fe 


"■ s 


O ® # & - S □ El 


0 



1 2 
Principal Component 


-83% 


-67% 


-50% 


-33% 


-17% 
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Since MATLAB 2017a the syntax has change quite a bit. We have to use the function pca(): 


^ MATLAB Command Window 

» [coeff, score, latent, explained]=pca(zscore(mydata)) 

coeff 


□ 


X 


0.6410 

-0.3528 

0.6817 


latent 


0.3803 

0.9174 

0.1171 


2.03 02 
0.8846 
0.0853 


explained = 

67.6728 
29.4852 
2.8421 


-0.6667 

0.1842 

0.7222 


-1 .9710 

0.7650 

-0.0739 

-1.5631 

-0.7643 

-0.2109 

-1.9677 

-0.2806 

0.0194 

-1.8581 

-0.6002 

0.1141 

-2.1552 

1.01 00 

0.0603 

0.9446 

0.9309 

-0.4376 

0.4324 

0.6574 

-0.0561 

1.0542 

0.6113 

-0.3428 

0.5903 

-2.3615 

-0.0815 

0.9855 

-0.4468 

-0.3259 

0.7886 

0.9952 

0.6507 

0.7630 

-1.0090 

0.3412 

1 .6722 

0.4718 

-0.1716 

1.0882 

-0.1835 

0.2664 

1 .I960 

0.2044 

0.2480 


Linear Discriminant Analysis (Fisher Discriminant) 

The purpose here will be to see how we can get with MATLAB the LDA result the we have 
proved in the data mining theoretical course using the Eigenvector Projection method (at the 
opposite of the Likelihood LDA method). 


As far as I know there is no LDA integrated analysis in MATLAB 2013a using this method. 
This is why we will have to calculate everything ourself. 


We type in our small data set values and make also the small mean, covariance and within 
class scatter matrix calculations: 
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m 




^ £) © a - 


1 - clear all;close all;clc 

2 - Xl= 

1-1 

DO 

3 H 

2,4; 

4 H 

2,3; 

5 H 

3,6; 

6 H 

4,4] samples for class : 

7 - X2 = 

[9,10; 

8 

6,8; 

9 

9,5; 

10 

8,7; 

11 

10,8] ;% samples for class 

12 %class means 

13 - mul 

=mean(XI) 

14 - mu2 

=mean(X2) 

15 - 51= 

cov(XI) 

16 - 52= 

cov(X2) 

17 Within class scatter matrix 

V 

1 

CO 
■—1 

51+52| 

;e next page): 

_ 




Command Window 


mul = 


3.OG00 


3.8000 



mu 2 = 


8.40O0 


7.6000 


51 = 


1.0000 

-0.2500 


-0.2500 
2.2000 


52 = 


2.3000 
-0.0500 


-0.0500 
3.3000 


h » | 


This are the same results as those calculated by hand. After we add the part to calculate the 
LDA projection: 
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1 - clear all;close all;clc 

2 - Xl=[4,2; 

3 2,4; 

4 2,3; 

5 3,6; 

6 4,4] samples for class 1 

7 - X2=[9,10; 

8 6 , 8 ; 

9 9,5; 

10 8,7; 

11 10,3]; ^samples for class 2 

12 %class means 

13 - mul=mean(XI);mu2=mean(X2); 

14 - Sl = cov(Xl) ;52 =cov(X2) ; 

15 ^within class scatter matrix 

16 - Stt=S 1+S2 

17 

18 - 

19 

20 - 
21 - 


%between-class scatter matrix 
5b J(mul-mu2) 1 *[mul-mu2) 
^computing the LDA projection 
inv5u=inv(5u) 
i nv5 T.T_b y_5b=i ny5 tj - 5b 
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Command Window 



Su = 

3.3000 

-0.3000 


-0.3000 

5.5000 


Sb = 

29.1600 

20.5200 


20.5200 

14.4400 


i nvS t.t = 

0.3045 

0.0166 


0.0166 

0.1327 


invSw by Sb 



9.2213 

6.4390 


4.2339 

2.9794 

h 

»l 




> 
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And to finish we calculate the eigenvectors and eigenvalues and also the projection vector: 



1 - clear all;close all;clc 

2 - Xl=[4,2; 

3 2,4; 

4 2,3; 

5 3,6; 

6 4,4] ;% samples for class 1 

7 - X2 = [9, 10; 

8 6,3; 

9 9,5; 

10 3,7; 

11 10,3] ; ^samples for class 2 

12 %class means 

13 - mul=mean(XI);mu2=mean(X2); 

14 - 51=cov(XI);52=cov(X2); 

15 ^within class scatter matrix 

16 - 5w=51+52; 

17 %between-class scatter matrix 

18 - 5b=(mul-mu2) 1 *(mul-mu2) ; 

19 ^computing the LDA projection 

20 - inv5w=inv(5w); 

21 - i nvS id b y_Sb = i ny 5 w * 5b; 

22 

23 - 

24 

25 - 


This give us also the same results as those calculated by hand: 



^getting the projection vector 
[eigen_vec,eig_values]=eig(invSu_by_Sb) 
%the projection vector 
W=eigen vec(:,1) 



MATLAB 


903/1357 








Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Command Window 


eigen vec 


0.9033 
0.4173 


eig_values = 

12.2007 
0 


0.9033 

0.4173 


f* » | 

Finally we just need to plot: 


- 0.5755 

0.3173 


0 

0.0000 





S n 


26 


27 

- 

28 

- 

29 

- 

30 

- 

31 

32 


33 

- 

34 

- 

35 

36 


37 

38 


39 

- 

40 

- 

41 

- 

42 

- 

43 

- 

44 

45 



X 1 


^ B © a - 


%ue plot the stuff 
hfig=figure; 

X1=X1';X2=X2 1 ; 

axesl=axes( 1 Parent 1 ,hfig 1 , 1 Fontweight 1 , 1 hold 1 , 1 Fontsize 1 ,12);| 
hold( 1 all 1 ); 

xlaJoel ( 1 X 1' );ylabel( 'X 2 1 ); 




scatter[XI(1,:) ,XI(2,:) , ' r' , 1 LineWidth 1 ,2, 1 Parent 1 ,axesl) ; 
scatter(X2(1,:) ,X2(2,:) , ' b' , 1 LineWidth 1 ,2 , 1 Parent 1 ,axesl) ; 

plot(mean(XI(1,:)),mean(XI(2,:)), 1 co 1 , 1 MarkerSize ' , 8, 'MarkerEdgeColor 1 , 1 c 1 , .. 

'Color' , 'c' , 'LineWidth' , 2,' MarkerFaceColor' , 'c' ) 
plot(mean(X2 (1, :)),mean(X2(2, :)) , 'mo 1 ,' Markersize' ,8, ' MarkerEdgeColor' , 'm' , .. 

'Color' , 'm' , 'LineWidth' ,2, 'MarkerFaceColor' , 'm' ) 
t=0:12; 

line_x=t. *W (1); 
line_y=t.*W(2) ; 

plot(line_x,line_y,' k-' , 'LineWidth' ,3); 

ezcontour(@(x^y) mvnpdf([x y], mul, [std(XI(1,:)) 0;0 std(XI(2,:) ) ] ), xlim(), 
ezcontour (@ (x, y) mvnpdf([x y] , mu2, [ std (X2 (1, :) ) 0;0 std(X2(2,:))]), xlim(), 
title (' Eigenvector projection LDA' ); 


ylimO) 

ylimO) 
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We get the famous LDA Gaussian density projection chart: 


► 


Or using another famous other representation we have: 


EDITOR PUBLISH VIEW 


^ (S ® a - 


46 

47 


^project data samples along the projection axes 

48 

- 

yl_u=W 1 *X1; 

49 

- 

y2_u=W 1 *X2; 

50 

- 

minY=min([min(yl w),min(y2 w) ] ) ; 

51 

- 

maxY=max([max(yl u),max(y2 w)]); 

52 

53 

" 

y u=minY:0.05:maxY; 

54 

- 

yl w mu=mean(yl w) ; 

55 

- 

y2 u mu=mean(y2 u) ; 

56 

- 

yl w sigma=std(yl u) ; 

57 

58 


y2 u sigma=std(y2 u) ; 

59 

- 

figure 

60 

- 

plotfy u',normpdf(y u',yl w mu, yl w sigma), 'c'); 

61 

- 

hold on; 

62 

- 

plotfy u',normpdf(y u',y2 w mu,y2 w sigma), 'm'); 
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Everything corresponds for sure to calculation made by hand in the theoretical course. 

At least since MATLAB 2017a the system has been automated. We can use a function named 

fitcdiscr( ): 
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And as always we can calculate the confusion matrix and the loss of the model: 
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-ifr MATLAB Command Window — □ X 

» confusionmat(mydata.Classe,resubPredict(model)) 

ans = 

5 O 

0 5 

» loss(model,[mydata.Fteuenus, mydata.Surface],mydata.Classe) 
ans = 

0 

» 


< > 


Quadratic Discriminant Analysis 

Since at least MATLAB 2017a the quadratic discriminant analysis (QDA) has also been 
implemented. Still with function fitcdiscr(): 
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MATLAB Command Window 

- 

□ 

X 


» model=Fitcdiscr([mydata.Reuenus, mydata.Surface],mydata.Classe,'DiscrimType','quadratic') 
model = 

ClassificationDiscriminant 

ResponseName: 'V 
CategoricalPredictors: [] 

ClassNames: [1 2] 

ScoreTransform: 'none' 

HumObseruations: 10 

DiscrimType: 'quadratic' 

Mu: [2X2 double] 

CoeFFs: [2X2 struct] 

» predict(model, [S.5 , 6]) 
ans = 

2 

» predict(model,[6, 6]) 
ans = 

2 
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Control charts (CC) 

This is a big and important subject in quantitative quality control. MATLAB is not a flexible 
as Minitab but has at least the (very) minimum we can expect of an engineering software with 
a Statistical Toolbox. 

To study the continuous control chart we will use the same data as in the theoretical course. 
This is to say: 
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We import the data as usual in MATLAB: 


Command Window 




>> mydata=dataset( 1 XLSFile 1 f 1 c:\tmp\ControlChart.xls 1 ) 
mydata = 


Day 


Sampll 

Sampl2 

Sampl3 

Sampl4 

SamplS 

Sample 

1 Jour 

l 1 

9.9943 

10.02 

9.9732 

10.009 

9.9685 

9.9544 

1 Jour 

2 1 

9.9721 

9.9643 

9.9426 

9.9712 

10.026 

10.018 

1 Jour 

3 1 

9.9788 

10.021 

9.9407 

10.07 

10.016 

10.071 

1 Jour 

4' 

10.066 

10.08 

9.9514 

9.9958 

10.034 

10.042 

1 Jour 

S' 

10.014 

9.9791 

9.9449 

9.9403 

9.9424 

9.9421 

1 Jour 

6 1 

9.9495 

10.006 

9.9715 

10.039 

10.002 

9.9616 

1 Jour 

7' 

9.9144 

10.032 

10.036 

10.025 

10.011 

9.9935 

1 Jour 

S' 

9.9748 

9.9962 

10.037 

10.15 

9.9996 

9.9741 

1 Jour 

9 1 

10.006 

10.075 

9.9971 

9.978 

9.9934 

9.9555 

1 Jour 

10' 

10.084 

9.9619 

10.006 

10.036 

9.9907 

9.9762 

1 Jour 

ll 1 

9.9436 

10.064 

9.9617 

10.014 

9.9672 

9.9591 

1 Jour 

12 1 

10.007 

9.9817 

9.9753 

10.054 

9.9845 

9.9107 

1 Jour 

13 1 

10.007 

10.028 

10.039 

9.9747 

10.032 

9.986 

1 Jour 

14' 

9.9836 

10.063 

9.9824 

9.9909 

9.9684 

10.057 

1 Jour 

15' 

10.032 

10.049 

9.9659 

10.068 

10.005 

10.028 

1 Jour 

16' 

9.9756 

9.9174 

9.9076 

9.9909 

10.018 

9.9979 

1 Jour 

17' 

9.9818 

9.8962 

9.9614 

9.9612 

9.9694 

9.9349 

1 Jour 

IS 1 

10.017 

10.004 

10.003 

9.9549 

10.02 

9.9691 

1 Jour 

19' 

9.9857 

10.05 

10.038 

9.9811 

9.9603 

9.9123 

1 Jour 

20' 

9.9878 

9.9841 

9.9496 

9.9754 

9.9532 

10.058 

1 Jour 

21' 

10.066 

9.9838 

9.9636 

9.9779 

10.042 

10.055 

1 Jour 

22 1 

9.9564 

10.018 

9.989 

9.9999 

10.015 

10.015 

1 Jour 

23 1 

10.061 

9.9443 

9.9899 

9.9833 

9.9947 

10.003 
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P attribute CC 

The proportion control chart is one of the most easy to understand CC in the theoretical point 
of view (and also to read). We will also here use the same data as in the theoretical course to 
check if we get the same results: 


Command Window 


® 

>> mydata=dataset( 1 XLSFile 1 , 1 c:\tmp\ContuolChautP.xls 1 ) — 

mydata = 

N_Lot 

TailleLot 

NonConfoumes 

1 

50 

1 

2 

50 

2 

3 

50 

5 

4 

50 

2 

5 

50 

2 

6 

50 

3 

7 

50 

4 

S 

50 

3 

9 

50 

1 

10 

50 

1 

11 

50 

2 

12 

50 

1 

13 

50 

2 

14 

50 

1 

15 

50 

2 

16 

50 

3 

17 

50 

3 

IS 

50 

1 

19 

50 

2 

20 

50 

□ 

21 

50 

3 

22 

h 

50 

T 
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Using once again (...) the function controlchart( ) we get: 


Command Window 

>> niydata= double(dataset( 1 XLSFile 1 , 1 c:\tmp\ControlChartP.xls 1 )); 
>> myPdata=mydata(:,3); 

>> st=contro1chart(myPdata, 1 chart 1 f 1 p 1 f 1 unit 1 ,50); 



Here also we get the same values 


les as in 


^ r 

the theoretical course except for the first three points. 
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NP attribute CC 

Again we use the same dataset as in the theoretical course: 


Command Window 




» mydata=dataset( 1 XLSFile 1 f 1 c:\tmp\ContuoIChartNP.xls 1 ) — 

mydata = 


N Lot 

TailleLot 

NonConformes 


1 

50 

1 


2 

50 

2 


3 

50 

5 


4 

50 

2 


5 

50 

2 


6 

50 

3 


7 

50 

4 


8 

50 

3 


9 

50 

1 


10 

50 

1 


11 

50 

2 


12 

50 

1 


13 

50 

2 


14 

50 

1 


15 

50 

2 


16 

50 

3 


17 

50 

3 


18 

50 

1 


19 

50 

2 


20 

50 

0 


21 

50 

3 

h 

22 

50 

2 — 


We get: 


wr 


> 


Command Window 


© 


>> mydata=double(dataset( 1 XLSFile 1 , 1 c:\ tmp\ContraIChartNP. xls 1 )); 
>> myPdata=mydata(:,3); 

>> st=controlchart(myPdata, 1 chart 1 , 1 np 1 , 1 unit 1 ,50); 

t* » 


1-1 Figure 1 


mmm\ 

File Edit View Insert Tools Desktop Window Help 


o a a & | fe | ® 

# || ^ □ 

S ■ 0 

NP control chart 

7 



—*— Data 
O Violation 
— Center 
- LCLAJCL 


Nice but the lower limit can be interpreted as false... 
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C attribute CC 

Again we use the same dataset as in the theoretical course: 


Command Window ® 

>> mydata= 

=double(dataset( 1 XLSFile 1 , 1 c : \tmp\ControlChartC.xls 1 )) 

mydata = 



1 

50 

1 

2 

50 

2 

3 

50 

5 

4 

50 

2 

5 

50 

2 

6 

50 

3 

7 

50 

4 

S 

50 

3 

9 

50 

1 

10 

50 

1 

11 

50 

2 

12 

50 

1 

13 

50 

2 

14 

50 

1 

15 

50 

2 

16 

50 

3 

17 

50 

3 

IS 

50 

1 

19 

50 

2 

20 

50 

□ 

21 

50 

3 

22 

50 

2 

f* >> 
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Command Window 

>> mydata=double(dataset( 1 XLSFile 1 , 'c: \ tmp\ ControlChartC.xls 1 ) ); 
>> st=conti:olchaut (myPdata, 1 chart 1 , 1 c 1 , 1 unit 1 , 50) ; 

f* » 
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U attribute CC 

Again we use the same dataset as in the theoretical course: 


Command Window ® 
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Command Window 

>> mydata=double(dataset( 1 XLSFile 1 , 1 c: \tmp\ControlChartU.xls 1 )); 

>> myPdata=mydata(:,3); 

>> %we have to define 100 units to get the same result a theoretical course 
>> controlchart(myPdata, 1 chart 1 , 1 u 1 , 1 unit 1 ,100); 



Nice but the lower limit can also be interpreted as false... 
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Xbar-R continuous CC 

We begin with the most famous control chart the Xbar-R. Once we have imported the data we 
use the function controlchart( ) and we get: 


Command Window © 

>> mydata=dataset( 1 XLSFile 1 , 1 c: \tmp\ControlChart.xls 1 ); 

>> mydata=double(mydata(:, 2: end) ) ; 

>> st=controlchaut(mydata, 1 chart 1 , 1 xbau 1 ); 
fx » 



and we can see that we get exactly the same result as the one calculated by hand in the 
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Rbar-R continuous CC 

A less common bar chart than the previous one is the the Rbar-R control chart. Here we will 
also use the same dataset as before to see if we obtain the same result as in the theoretical 
course. 

We always use the controlchart( ) function: 


Command Window 

>> st=controlchaut(mydata, 1 chart 1 , 1 u 1 ) ; 
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If we want the both chart on the same figure we use the same function again: 

Command Window © 

>> st=controlchart(mydata, 1 chart 1 ,{ 1 xbar 1 1 r 1 }); 
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Sbar-S continuous CC 

Also a less common bar chart than the the Xbar and Rbar one is the the Sbar-S control chart. 
Here we will also use the same dataset as before to see if we obtain the same result as in the 
theoretical course. 

We always use the controlchart( ) function: 


Command Window 

>> st=controlchaut(mydata, 1 chart 1 , 1 s 1 ) ; 

» 


Figure 1 
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I-EM continuous CC 

Individual charts are use a lot in small production process. We will check here if we also get 
the same individual moving average range control chart as in the theoretical course: 
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We first import the data as usual: 


Command Window © 


>> mydata=double(dataset( 1 XLSFile 1 , 'c:\tmp\ContuolChartIEM.xls 1 )) 

mydata = 

9.9943 
10.0196 
9.9732 
10.0088 
9.9685 
9.9544 
9.9721 
9.9643 
9.9426 
9.9712 
10.0259 
10.0177 
9.9788 
10.0213 
9.9407 
10.0696 
10.0161 
10.0709 
10.0658 
10.0800 
9.9514 
9.9958 
10.0338 
f x 10.0422 
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Once the data are imported we use once again the function controlchart( ) but with a special 
parameter: 


Command Window 

■ » mydata=double(dataset( 1 XLSFile 1 , 1 c:\tmp\ControlChartIEH.xls 1 )); 
>> st=controlchart(mydata , 1 chart 1 , 1 i 1 ); 

f* >> I 
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Moving Average continuous CC 

We saw in the theoretical course that Moving Average control charts belongs to the family of 
auto correlated (time series like) control charts. 

We will also here use the same data as in the theoretical course: 


Command Window © 
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We use again the function controlchart( ) with a specific argument. We then get: 


Command Window © 

>> mydata=double(dataset( 1 XLSFile 1 , 1 c:\tmp\ControlChautMA.xls 1 )); 

>> st=controlchaut(mydata , 1 chart 1 , 1 ma 1 ); 



Here also we get the same values 


les as i 


n the theoretical course except for the first three point. 



MATLAB 


927/1357 



































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Hotelling's bivariate ellipse control chart 


As we have seen in detail in the theoretical course, this is a beautiful application of Hotelling 
statistics and Single Value Decomposition theorem. Actually there is no integrated function 
for the ellipse bivariate chart so we have to do as script (at the same time it is a good example 
to create an ellipse without the PDE toolbox): 


1 

- 
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4 

- 

5 
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17 
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18 

- 
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21 

- 
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24 

- 

25 

- 

26 

- 

27 

- 

23 

- 

29 
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clear all;close all; 

%Create some random data 

std=[rand*10 rand*10]; ^generate two standard deviations 
mu=[rand*10 rand*10]; %generate two means 
N=3G0; ^Number of points 
^Generate to 

yl=normrnd(mu(1),std(1)1); ^Generate 1st random vector Nxl 
y2=normrnd(mu(2),std(2),N,1); 
data=[yl y2] ; 

^Calculate the eigenvectors and eigenvalues 
covariance = cov(data); 

[eigenvec, eigenval ] = eig(covariance); 

%Get the index of the largest eigenvector 

[largest_eigenvec_ind_c, r]=find(eigenval == max(max(eigenval) )) ; 
largest_eigenvec=eigenvec(:, largest_eigenvec_ind_c); 

%Get the largest eigenvalue 

larges t_eige nva1=max(max(eigenval)); 

%Get the smallest eigenvector and eigenvalue 
if (largest_eigenvec_ind_c == 1) 

smallest_eigenval = max(eigenval(:,2)) 
smallest_eigenvec = eigenvec(:,2); 

else 

smallest_eigenval = max(eigenval(:, 1)); 
smallest eigenvec = eigenvec(1,:); 
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30 
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49 
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50 
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51 

- 

52 

53 
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55 

- 

56 

- 


end 

% Calculate the angle between the x-axis and the largest eigenvector 

Wangle = atan2(largest_eigenvec(2), largest_eigenvec(1)) 

angle=0.5 *atan2 {2 *covariance(1^2) , {covariance(1,1)-covariance(2,2))) 

% The angle of atan2 is between -pi and pi 
% (this of atan between -pi/2 and pi/2) 

% Let's shift it such that the angle is between 0 and 2pi 
if (angle< □) 

angle = angle-pi; 

end 

% Get the coordinates of the data mean 
avg = mean(data); 

% Get the 95% confidence interval error ellipse 
chisquare_val = 2.4477; 
theta_grid = linspace(0,2*pi); 
phi = angle; 

X0=avg(1); 

Y0=avg(2); 

a=chisquare_val*sqrt(largest_eigenval); 
b=chisquare_val*sqrt(smallest_eigenval); 


%the ellipse in x and y coordinates 
ellipse_x_r=a*cos( theta_grid ); 
ellipse y r=b*sin( theta grid ); 
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^define a rotation matrix 

R=[ cos(phi) sin(phi); -sin(phi) cos(phi) ]; 

% let's rotate the ellipse to some angle phi 
r_ellipse=[ellipse_x_r;ellipse_y_r] 1 * R; 

%drau the error ellipse 

plot(r_ellipse(:, 1) + XO,r_ellipse(:,2) + YO,'-') 

hold on; 

%dlot the original data 
plot(data(:, 1), data(:,2) , 1 . 1 ) ; 

mindata = min(min(data)); 
maxdata = max(max(data)); 
xlim([mindata-3 f maxdata+3]); 
ylim([mindata-3 , maxdata+3]); 
hold on; 

% Plot the eigenvectors 

quiver(XO, YO, largest_eigenvec(1)*sqrt(largest_eigenval), ... 

largest_eigenvec(2)*sqrt(largest_eigenval), 1 -m 1 , 1 LineWidth 1 ,2) ; 

quiver(XO, YO, smallest_eigenvec(1)*sqrt(smallest_eigenval), ... 

smallest_eigenvec(2)*sqrt(smallest_eigenval) , 1 -g 1 , 1 LineWidth 1 ,2); 
hold on; 

% Set the axis labels 
hXLabel = xlatael( 'x' ); 
hYLabel = ylabel( 'y' ); 
grid on; 

set(gca, 1 Xcolor 1 ,[0.85 0.85 0.85]); 
set(gca, 1 Ycolor 1 ,[0.85 0.85 0.85]); 
c_axes=copyofci j(gca,gcf); 

set(c_axes, 1 color 1 , 1 none 1 , 'xcolor' , 'h' , 'xgrid' , 'off' , 'ycolor 1 , ... 

'h' , 'ygrid' ,' off' ); 

hx=graph2d.constantline(0, 'color ' f ' h ' f ' LineWidth' r 2); 
changedependvar(hx, 'x' ); 

hy=graph2d.constantline(0, 'color ' f ' h ' f ' LineWidth' r 2 ) ; 
changedependvar(hy, 'y' ); 
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Design of experiments 

As we know, designs of experiments are a huuuuge subject! MATLAB is very poor in this 
area to help to simplify the life of the end user. I strongly recommend to use instead softwares 
like JMP, Minitab, DesignExpert or R. 

In the point of view of the MathWorks dev team (point of view that is fact not totally false), 
be able to generate a factorial design is enough for processing after the response data with all 
existing functions of the Statistical Toolbox. Even if it's true it's a pain in the ass for the end 
user this is why at least 99% of people prefer to use specialized softwares. 



Two-level full factorial design 

We will check if we get the some simple factorial design that we have calculated by hand in 
the theoretical course using the function ff2n(): 


We have also use the function hadamard() as you can see above to compare it with the 
ff2n(2) and see that we can conclude to the same thing as in the theoretical course. 


Everything is fine here! 
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Full factorial design 

Now have a look to the full factorial design with 3 factors of respectively 2, 2 and 3 levels. 
Using the function fullfact( ) we get as expected the 12 rows. 
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Fractional factorial design 

First we use the ff2n() function to get the full factorial one as in the theoretical course. Once 
this is done, we chose the generators as we saw it in the theoretical course using the function 

fracfactgen(). 

And after only we use the fracfact() function to get the fractional design we calculated by 
hand in the theoretical course! 
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Simulations techniques 

Once again we will focus in this section only about stuff that we have study in details during 
the theoretical course. 


Randtool wizard 


This tool is more for academic purpose than anything else for demonstrating to students how 
behaves shapes of distributions depending on the number of samples. First open the tool: 


MATLAB Command Window 


» randtool 

jlJ 


JV 


So appears: 


Random Number Generation Tool 
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The Upper bound and Lower bounds fields visible are here to define each scrollbar limits if 
you want to play to change the distribution parameters with the scrollbars! 
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Kernel Smoothing 

As we know, using a histogram to judge the shape of a distribution is a bias in itself. Using 
Kernel Smoothing or even better CDF is more accurate. 

Because the purpose here is to check that Kernel Smoothing exists in MATLAB let us 
generate a vector of two different Normal random variable and apply the ksdensityl) 
function on it with default bandwidth and the default hypothesized distribution (aka the 
Normal one...): 


MATLAB Command Window 


» x=[randn(30,1); 5+rand(30,1)]; 
» [f,xi]=ksdensity(x); 

» plot(xi ,f); 


-| n|x 

m 


Uj 


I- Figure 1 





1 1 1 

File Edit View Insert 

Tools Desktop Window Help 




d a a & 


% ^ *5 8 « 4 - 

a 

□ HI 

■ 0 


0.15 


0.05 



-6 -4 -2 0 2 4 6 8 10 


mfi. 


So fine... seems to do something put in practice I'm not a fan of charts. I want numbers, 
numbers and numbers! 


MATLAB 


936/1357 


































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


So can we retrieve any information about this previous kernel smoothing density with 
MATLAB? Yes we can!! 

For example we compare here below the ECDF 


MATLAB Command Window rmm 


» x=[randn(30,1);5+randn(3Q,1)]; 

» ecdf(x) 

» [F ,xi]=ksdensity(x, 1 function 1 , 1 cdf 1 ); 

» hold on; 

» plot(xi,f, 1 -g 1 ) 

» [fband,xi]=ksdensity(x, 1 function 1 , 1 cdf 1 , 1 bandwidth 1 ,0.05); 
» plot(xi,f_band, 1 -r 1 ) 

» 



UJ 


MATLAB 


937/1357 



























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Monte Carlo standard technic 

The most simple and academic example of Monte Carlo technics is to play with different 
random variables and calculates some of their moments. 

The most trivial and common case is to compute de mean of the sum of two random Normal 
variables because we know the Normal distribution is stable by the sum: 


Uti 


l=i| y rac 

■Pi - - 




1 %standard MC method 

2 - clear all;clc 

3 - int_Simulations=500; 

4- t=l:1:int_Simulations; 

5 - R for k=l:1:int_Simulations 

6 - x=rand (It, 1) ; 

7 - y=rand(k,1) ; 

8 - mux=5;xsigma=3; 

9 - muy=10;ysigma=4; 

10 - Nx=norminv(x,mux,xsigrna); %N(5,3) 

11 - Ny=norminv (y,muy, ysigrna) ; %N(10,4) 

12 - muNx y(k)=me an(Nx +Ny) 

13 - L end 

14 - plot (t,muNxy) 

15 - hy=graph2d.constantline(15, 1 Color 1 , [0.7 0.4 0.6], 1 LineWidth 1 ,2); 

16 - changedependvar(hy, 1 y 1 ); 

17 - legend( 1 MC standard 1 ) 

18 


We can see qualitai 


lively the convergence wit 


with the following chart: 



*) Figure 1 
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The most known example in finance use the fundamental equation for option pricing that we 
proved during the theoretical finance course and at the same time this is a beautiful example 
of the power of vector scripting language: 
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22 


R function [Call, Put] = MCSBlack_Scholes (50, X, r, sigma, T, timestep,NumSini) 
%MCSBLACK_SCHOLES computes prices of European Put and Call options 
fusing Monte Carlo simulations. 

%Parameters J initial value 
%S0: Initial price of the asset 
%X: Exercise price of the options 
%T: Time to maturity of the options 
% Initial parameter 
t=T/timestep; 

^Vector of asset prices 
St=S0*ones(NumSim,1) ; 

Stl =zeros(NumSim,1); 

%Loop to simulate the paths 
for i=l:timestep 

dW=sqrt[t)*randn(NumSim,1); 

Stl =St+(r)*St*t+sigma*St.*dW; 

St = Stl; 

end 

^Calculation of the options prices 
Call = exp(-r*T)*mean(max(□,St-X)); 

Put = exp(-r*T)*mean(max(□,X-St)); 

end 
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Monte Carlo with acceptance reject 

As we discuss in the theoretical course of numerical methods this algorithm is quite simple to 
write. The script below is inspired by the original one of Dmitry Savransky: 


0 C:\sampleDist. 

m 


EDITOR 

PUBLISH 

VIEW 
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33 
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33 
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_ 

41 
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_ 

42 

- 

43 

- 

44 

- 

45 

- 

46 

- 

47 

- 

43 

- 

49 

- 

50 

- 


, 5S. <5 - B ®ia j £ _ 

function X = samplej^st (f,M,N,b,mkplt) 

% SAMPLED1ST Sample from an arbitrary distribution % ■ ■ ■ % 


3 


% Dmitry Savransky (dsavrans@princeton.edu) 

% May 11, 2010 

n = □; 

X = zeros(N,1); 
counter = 0; 

£ while n < N 

Brandon points on the abscisse in the interval of b 
x = b(l) + rand(N,1)*diff(b); 

%for each random point on the abscisse we take a point between G and M 
uM = M*rand(N,1); 

%We reject the points below our main function 

x = x(uM < f(x)); %this result in a vector containing only non rejected values 
if isempty(x) 

error ('No Points Sampled 1 ) 

end 

X(n+1:n+length(x) ) = x; 
n = n + length(x); 


- end 


%we round to keep the N values only 
X=X(1:N); 

if exist( 1 mkplt 1 , 1 var 1 ) ££ mkplt 

if exist( 1 mkplt 1 , 1 var 1 ) ££ mkplt 

nsamps = max([min([N/1000, 1000] ),10] ) ; 

[n,c] = hist(X,nsamps) ; 

bar(c,n/N*nsamps/(max(X) - min(X))) 

hold on 

plot (c,f(c), 1 r 1 , 1 LineWidth 1 ,2) 

hy=graph2d.constantline(M, 'Color' ,[0.7,0.4,0.6] , 1 LineWidth 1 , 2 ) ; 
changedependvar(hy, 1 y 1 ); 

end 
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Monte Carlo antithetic variables technique 

The purpose is to see the famous and simple antithetic variables technique and compare it to 
the standard one 


EDITOR 

PUBLISH 

VIEW 


M . 


<3? B 


1 


^standard MC method 

2 

- 

cleat all;clc 


3 

- 

int 

Simulat ions = 5Go|; 

4 

- 

t=l: 

l:int Simulations; 

5 

- E 

for 

k=l:l:int Simulations 

6 

- 


x=rand(k, 1) ; 


7 

- 


y=rand(k,1); 


3 

- 


mux=5; xsigma= 

= 3; 

9 

- 


muy=10;ysigma=4; 

10 

- 


Nx=norminv(Xj 

r mux,xsigma); %N(5,3) 

11 

- 


Ny = norminv (y^ 

r muy,ysigma); %N(10,4) 

12 

- 


muNxy(k)=mean(Nx+Ny); 

13 

- 

end 



14 

- 

plot (t,muNxy) 


15 

- 

hy=graph2d.constantline(15, 1 Color 1 ,[0.7 0.4 0.6], 'LineWidth 1 , 2); 

16 

- 

changedependvar(hy, 1 y 1 ); 

17 





13 


%MC 

with antitethic variables 

19 

- 

hold on; 


20 

- 

for 

k=l:l:int Simulations 

21 

- 

1 

x = rand(k, 1) ; 


22 

- 

1 

y= 1-x; 


23 

- 


Nx=norminv(x ; 

r mux,xsigma); %N(5,3) 

24 

- 


Ny=norminv(yj 

r muy,ysigma); %N(10,4) 

25 

- 


muNxy (k) =mean (Nx+Ny) ; 

26 

- 

end 



27 

- 

plot 

( t ,muNxy, 1 r 1 ] 

i 

23 

- 

legend( 1 MC standard 1 , 1 HC antitethic 1 ); 


And as we can see on the next page, it is logic that in converge faster: 
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See now a famous example in finance base on the fundamental equation of option pricing. We 
take the same script as before but we add an antithetic variable: 


EDITOR 

PUBLISH 
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^ <3? © © 3 
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1 

2 

3 
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19 
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22 


function [Call, Put] = MCSABlack_Scholes (SO, X, r, sigma, T, timestep,NumSim) 
%MCSBLACK_SCHOLES computes prices of European Put and Call options 
fusing Monte Carlo simulations. 

%Parameters J initial value 
%S0: Initial price of the asset 
%X: Exercise price of the options 
%T: Time to maturity of the options 
% Initial parameter 
t=T/timestep; 

^Vector of asset prices 
St=S0*ones(NumSim,1); 

St1=zeros(NumSim,1); 

%Loop to simulate the paths 
for i=l:timestep 

dW=sqrt(t)*randn(NumSim,1); 

Stl =St+(r)*St*t+sigma*St.*dW; 

St = Stl; 

end 

^Calculation of the options prices 
Call = exp(-r*T)*mean(max(□,St-X)); 

Put = exp(-r*T)*mean(max(0,X-St)); 

end 
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Monte Carlo with antithetic quasi-random variables 
technique 

As we saw it in the theoretical course there a lot of quasi-random variables generators. Here 
we will compare the two previous method with the Sobol quasi-random generator using the 
function sobolset(): 



I 

1 


2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 

17 


18 


19 

- 

20 

- 

21 

- 

22 

- 

23 

- 

24 

- 

25 

- 

26 

- 

27 

- 


28 


29 


30 

- 

31 

- 

32 

- 

33 

- 

34 

- 

35 

- 

36 

- 

37 

- 

38 

- 

39 

- 


EDITOR 


m 


PUBLISH 






%standard MC method 
clear all;clc 
int_Simulat ions=|L00j 
t=l:1:int_Simulations; 
for k=l:l:int Simulations 


x=rand(k,1) 
y=rand(k,1) 


%N[5,3) 

%N(10,4) 


mux=5;xsigma=3; 
muy=10;ysigma=4; 

Nx=norminv(x^mux,xsigma) 

ITy = norminv (y, muy, ysigma) 
muNx^(k)=mean(Nx+Ny); 

L end 

plot (t,muNxy) ;| 

hy=graph2d.constantline(15, 1 Color ',[0.7 0.4 0.6], 1 LineWidth 1 ,2); 
changedependvar(hy, 1 y 1 ); 

%MC with antitethic variables 
hold on; 

E for k=l:l:int Simulations 


x=rand(k, 1) 
y=l-x; _ 


%N[5,3) 

%N(10,4) 


Nx=norminv(x,mux,xsigma) 
Ny= no rminv(y,muy,ysigma) 
muN(k) =mean (Nx+Ny) ; 

end 

plot(t, muNxy, 1 r 1 ); 


%MC with quasi-random sotool variables 
hold on; 

for k=l:l:int Simulations 


x = net(sobolset(l) , k) ; 
y=l-x; 


%N(5,3) 
%N(10,4) 


Nx=norminv(x,mux,xsigma) 

Ny= no rminv(y,muy,ysigma) 
muNxj; (k) =nanmean (Nx+Ny) ; 

L end 

plot(t,muNxy, 1 g 1 ); 

legend( 1 MC standard 1 , 1 MC antitethic 


MC quasi-random 1 
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We get: 
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Monte Carlo by control variable (variance reduction 
technique) 

We have also study during the theoretical course that there is also another reduction variance 
technic based on a control variable but that is in practice difficult to apply because we have to 
choose the right control variate expression... 

The purpose here is to reproduce exactly the example that we used in the theoretical course to 
illustrate the method: 



2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 


hour random variable we are interested to 
u=rand(int_Simulations,1); 
v=rand(int_Simulations,1); 
y=exp((u+v). A 2 ); 


w_e s timat e=y+c_o p timum *(c_var-me an(c_var)); 
hto compare without the approximation 
w exact=y+c optimum*(c var-1); 


hour control variate idea 
c_var=u+v; 

c_cov=cov([y c_var]); 
c optimum=-c cov(l,2)/c cov(2,2); 


int Simulations=100; 


18 ^display 

19 - MC_Classic=[mean(y) std(y)] 

20 - MC_ControlVEstimate=[mean(w_estimate) std(w_estimate)] 

21 - MC_ControlVExact=[mean(w_exact) std(w_exact)] 
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Once we run it with 100 samples we get: 


Command Window 


® 

int Simulations = 



100 



MC Classic = 



5.1998 

7.0634 


MC ControlVEstimate 

= 


5.1998 

4.7898 


MC ControlVExact = 



4.8345 

fx » 

4.7898 



And with l'OOO'OOO simulations: 


\V r 


c 


> 


Command Window 


© 

int Simulations = 



1000000 



MC Classic = 



4.8945 

5.9405 


MC ControlVEstimate 

= 


4.8945 

3.8143 


MC ControlVExact = 



4.8944 

h » 1 

3.8143 
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Monte Carlo importance sampling 

The importance sampling in a very powerful empirical method to get typically very small 
values for distributions tails. 

First we make a simple simulation to get the 50% cumulated probability of a Normal 
distribution: 


EDITOR 

PUBLISH 

VIEW 

® 111 ,4 

H B 
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% Importance sampling 
clean all;clc 
int_Simulations=500; 

%with significative treshold values no problems for CDF 
treshold=0; 

t=l:1:int_Simulations; 

mu=0;sigma=l; 

for k=l:1:int_Simulations 

Nx=normrnd(mu,sigma,1,int Simulations); 

| cProb(k)=nnz(Nx(:)<=treshold)/int_Simulations; | 

L end 

plot(t,cProb); 
cProb(k) 

hy=graph2d.constantline(0.5, 1 Colon 1 ,[0.7 0.4 0.6], 1 LineWidth 1 ,2); 
changedependvan(hy, 1 y 1 ); 


When we run the script we see that if fluctuates for4ure but the result quite acceptable: 
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But now... we want to check with MATLAB that: 

P(X <-10)^7.6199 -KT 24 

and here... we are typically at the tail of the distribution. If we run our script again but 
without the chart: 



1 int_Simulat ions= 100000000| 

2 mu=0;sigma=l; 

3 treshold=-10; 

4 Nx=normrnd (mu, sigma, 1, int_Simulat ions) ; 

5 cProto=nnz (Nx ( : ) <=treshold) / int Simulations 

We get: 


Command Window © 



int_Simulations = 

1000 

cProto = 

□ 

int_Simulations = 

10000 

cProto = 

0 

int_Simulations = 

100000 
cProto = 

0 

int_Simulations = 

1000000 
cProb = 

0 

int_Simulations = 

10000000 
□Proto = 

0 

int_Simulations = 

100000000 
Error using randn 

Out of memory. Type HELP MEMORY for your options. 
Error in normrnd fline 391- 


Hum mm.... 
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Now we use MC importance sampling technique that we have seen in the theoretical course 
(the technique is in reality sometimes hard to implement with some distributions because we 
have to fine the good instrumental distribution): 






1 int_Simulations=10G00; 

2 treshold=-10; 

3 F for k=l: int._Sirnulat.ions 

4 Y=randn(k,1)+treshold; 

5 h=(Y<=tueshold); 

6 iri (k) =mean (h. *exp ( (-treshold) *Y+0.5* (treshold) A 2) ) ; 

7 L end 

8 

9 plot {1: int_Simulations f in) 

10 hy=graph2d.constantline[7.1699e-24, 1 Color 1 ,[0.7 0.4 0.6], 1 LineUidth 1 ,2) 

11 changedependvar(hy, 1 y 1 ); 


As we can see the convergence rate has increased considerably!: 


\ 


Figure I 
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Latin HyperCube 

We have also study and applied practically with Microsoft Excel Sheets (it was a nightmare if 
you remember it...) in the theoretical course a more elaborated method than the previous one 
called Latin HyperCube. This possibility is implemented in MATLAB trough the function 
lhsdesign(): 


40 

41 

_ 

42 

- 

43 

- 

44 

- 

45 

- 

46 

- 

47 

- 

48 

- 

49 

- 

50 

- 

51 

- 


%MC with LatinHyperCube 
hold on; 

[3 for k=l:1:int_Simulations 

X=lhsdesign(int_Simulations,2); 
x=X( :,1) ; 

7=X( :,2) ; 

Nx=norminv(x,mux,xsigma); %N(5,3) 

Ny=norminv (y,muy, ysigma) ; %N(10,4) 
muNx Y (k) = narmie an (Nx+Ny) ; 

end 

plot(t,muNxy, 1 g 1 ); 

legend( 1 MC standard 1 , 1 MC antitethic 1 , 1 MC quasi-random 1 , 1 MC LatinHyperCube 1 ); 


With 20 simulations we get: 



y 


I Figure 1 
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As we can see the difference between the two last methods are qualitatively very small. 
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Monte Carlo Markov Chain Gibbs Sampling 

As we saw it in the theoretical course, Gibbs sampling is a Monte Carlo Markov Chain that 
helps to generate random variable for multivariate functions in the condition distribution are 
known in a closed form. We also saw the algorithm converge typically to the joint distribution 
only if the distribution function is unimodale or has no strong peaks (high leptokurticity). 

We will reproduce here the same academic example as the one studied in the theoretical 
course: 


IS 

n=E 

1 


2 

- 

3 

- 

4 


5 

- 

6 

- 

7 

- 

8 

9 


10 

- 

11 

- 

12 

- 

13 

14 


15 

- 

16 

- 

17 

- 

13 


19 

- 

20 

21 


22 

- 

23 

- 

24 

- 

25 

- 

26 

- 

27 



A. & ^ 


\3L 


® Cl - £ 


%Gibbs sampler for bivariate normal 
rand (.' .seed' r 12 3 45) ; 
nSamples=5G00; 

mu=[0 □]; %Target mean 
rho(l)=O.S; %rho_21 
rho(2)=0.8; %rho_12 

^Initizalize the Gibbs sample 
propSigma=l; ^Proposal variance 
minn=[-3 -3] ; 
maxx =[3 3] ; 

^Initisalize samples 
x=zeros(nSamples,2); 
x{ l f 1) =unifrnd(minn(1),maxx {1)); 
x(1,2) =unifrnd(minn(2),maxx(2)); 

dims = l:2; % Index into each dimension 

%Run Gibbs sampler 
t = l; 

while t<nSamples 
t=t + 1; 

T=[t-l,t]; 
for iD=l:2 %Loop over dimensions 
^Update samples 

r 
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28 

29 

“ 

30 

31 


32 

33 


34 

- 

35 

- 

36 

37 

38 


39 

- 

40 

41 

42 


43 

- 

44 

- 

45 

- 

46 

- 

47 

- 

48 

49 


50 

- 

51 

- 

52 

- 

53 

- 


nIx=dims~=iD; %*NOT* the current dimension 
^Conditional mean 

muCond=mu(iD) + rho(iD)*(x(T(iD),nix)-mu(nix)); 
%Conditiona variance 
varCond=sqrt(1-rho(iD) A 2 ) ; 

%Drau form conditional 
x(t,iD)=normrnd(muCond,varCond); 


end 

end 

^Display sampling dynamics 
figure; 

hi = scatter[x(:,1),x(:,2 ) , 1 r. 1 ) ; 

^Conditional step/samples| 
hold on; 

E3 for t = 1:50 

plot([x(t,l) ,x(t + l,l)] ,[x(t,2),x(t,2)],'k-'J; 
plot([x(t + 1, 1) , x(t + 1, 1)] , [x(t, 2 ) f x(t + 1,2 ) ] , 1 k- 1 ) ; 
h2 = plot(x(t+1,1) , x(t+1,2), ' ho 1 ); 

end 

h3 = scatter(x(1,1),x(1,2) , 1 go 1 , 1 Linewidth 1 ,3); 

legend([hi,h2 ,h3],{ 1 Samples 1 , 1 1st 50 Samples 1 , 1 x (t=0) 1 }, 'Location' , 'Northwest' ) 
hold off; 

xlafciel('x 1' );ylahel ( 1 x 2');axis square 


If we run it we get: 



1 # Figure 1 
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Optimization (with Optimization Toolbox/Global 
Optimization Toolbox) 

Here we will try to reproduce all examples we made with the Microsoft Excel solver excepted 
those related to finance that are reserved to the finance chapter (se page 983). For sure we will 
also tried to reproduce also the few optimization problems that we solved by hand in the 
theoretical course! 

http://www.MathWorks.ch/ch/help/optim/release-notes.html 

http://www.MathWorks.ch/ch/help/gads/release-notes.html 

Linear optimization using LP Simplex (LPS) 

All examples are taken from the theoretical training on Numerical Methods. I tried to order 
the examples in ascending order of complexity: 

LP-S Factory optimization problem (inequality linear system) 

This is the easiest optimization problem that we solved by hand in the theoretical course using 
the simplex algorithm. We use for this purpose first the function optimoptionsf ) to define the 
parameters of the algorithm and finally the function linprog(). 

We must not forget that as given by MATHWORKS the syntax of linprog() is: 
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And the problem we solve in the theoretical course was (factory allocation problem): 

3x, + 4x 2 =160 
6x t + 3x 2 =180 
x 15 x 2 >0 

max(Z) = 1200x t +1000x 2 

Maximizing Z corresponds to minimizing the same equation with negative coefficients. 



1 %we force the use of the simplex algorithm 

2 clear all;clc 

3 options=optimoptions( 1 linprog 1 , 1 Algorithm 1 , 1 simplex 1 ); 

4 %by default MATLAB minimise then we have to put a rr - rr in front 

5 %of the constants of the economic function 

6 f=[-13 00 -1000] ; 

7 A= [ 3 4; 6 3 ] ; 

8 b =[160 ISO]; 

9 lb=seros (2,1) ; 

10 [x,fval,exitflag,output,lambda] =linprog(f,A,b,[] ,[] ,1b, [] , [] ,options) 
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And we get exactly the same results as those calculated by hand: 




Optimization terminated. 



x 


16 

23 


fval 


-47200 


exitflag = 


1 


output 


iterations: 2 
algorithm: 'simplex' 
cgiterations: [] 

message: 'Optimization terminated.' 
constrviolation: 0 
firstorderopt: 0 


lambda 


ineqlin: [2x1 double] 
eqlin: [0x1 double] 
upper: [2x1 double] 
lower: [2x1 double] 


r 


If you arameter and define it as equal to -3 then the solver will not be 

able t< solution! 
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As a bonus let us plot the famous corresponding polygon constraints chart that is not really 
intuitive to build: 


EDITOR PUBLISH VIEW 


ui u ^ ^ 
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%not intuitive at all the Jouild the polygon chant of constraints... 

x=0:50; % range for chart 

yl=max((180-6*x)/3,0) ; 

y2=max( (160-3*x) /4,0J ; 

y3=max((180-6*x)/3,0J; 

ytop=inin ( [yl; y2 ; y3] ) ; 

area(x,ytop, 1 FaceColor 1 ,[0.5 0.5 0.5]); 


hold on; 

[u, v]=meshgrid(0:50,0:50); 

[c, h]=contour(u,v,1200*u+1000*v,20); 
set(h, 1 linewidth 1 ,2) ; 
grid on; 



|*J Figure 1 
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LP-S Naive (without covariance...) Markowitz parametric 
portfolio optimization problem (equality linear system 
without target value) 

This is another very naive (and even stupid) example of the use onf linprog for a portfolio 
optimization without taking into account the covariance matrix. The interesting thing in this 
example here is that we use different arguments relatively to the previous example because 
the situation is simply different! 



And what we want it is the naive problem formally used in the theoretical course: 

max(Z) = 0.1 16w l +0.226 w 2 +0.252w 3 

I =1 



(0> 


M 



0 

< 

w 2 

< 

i 

l°J 


K w 3y 
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This will be written as: 


EDITOR PUBLISH VIEW 



1 

- 

2 

- 

3 


4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 


10 


11 


12 

- 

13 

- 

14 

— 


clear all;clc 

v_Ret=[□.116 0.226 0.252]; 

int_Assets=length(v_Ret); 
lti=zeros (1, int_Assets) ; 
ub=ones(1,int_Assets); 

Aeq=[ones(1,int_Assets)]; 

Beq= []l] ; 

%very naive first example... 

^without taking the covariance matrix in consideration... 0_o 
options=optimoptions( 1 linprog 1 , 1 Algorithm 1 , 1 simplex 1 ) 

[TargetReturnUeights, , exitf lag] = linprog (-v_Ret, [] , [] , Aeq, Beq, lb, lib, [] ^options) 
Return=v_Ret *TargetReturnWeights 

That gives: 

_ y 


Command Window 


Optimization terminated. 

TargetReturnWeights = 

0 

0 

1 


exitflag = 

1 


Return = 

0.2520 

h » I 



This is naively the trivial result! 
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LP-S Naive (without covariance...) Markowitz parametric 
portfolio optimization problem (equality linear system with 
target value) 

Here we complexify the previous example as in the theoretical course: 

Once again remember that: 

Finds the minimum of a problem specified by 



As you can see here, we have a function with a targeted strict equality value! Because the 
covariance is still not taking into account (for the moment) we can still use the simplex 
method. 
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With MATLAB syntax this will be written: 



1 - clear all;|clc 

2- v_Ret=[0.116 0.226 0.252]; 

3 

4 - int_Assets=length(v_Ret); 

5 - lb=zeros(1,int_Assets); 

6 - uto=ones(1,int_Assets); 

7 - TargetReturn=0.20; %uhen greater than 0.252 they will toe logically no feasible solution 

8 - Aeq=[v_Ret;ones(1,int_Assets)]; 

9 - Beq=[TargetReturn;1] ; 

10 

11 %very naive first example... 

12 ^without taking the covariance matrix in consideration... O_o 

13 - options=optimoptions( 1 linprog 1 , 1 Algorithm 1 , 1 simplex 1 ) 

14- [TargetReturnWeights, exitflag]=linprog(-v_Ret,[], [],Aeq,Beq,lb,ub,[],options) 

15 - Return=v Ret*TargetReturnWeights 


So we get as output: 


Command Window 


Optimization terminated. 

TargetReturnWeights = 

0.3824 

0 

0.6176 

exitflag = 

1 

Return = 

0.2000 




And this is one possible correct result. 


More interesting version including covariance will come in the next example. 
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Function constrained optimization (FCO) 

Now the problems we will start to solve a nonlinear anymore. We will still use the examples 
studied in the theoretical course. 


FCO with constraints and without specific target 

We will use now the function fmincon() that means "find minimum including constraints" to 
find the minimum global variance Markowitz portfolio without fixing explicitly a given 
return. 

The MathWorks says us that: 

,[ c{x) <0 
: ceq xl =0 
min/(Jr) such that i A •:x S b 

Aeq ■ x = beq 
lb<x<ub„ 

b and beq are vectors. A and A*q are matrices, c{x) and ceq{x)0 rcTffi^g^s thafra 
that returns a scalar. /j), c(j), and «^(:v)cari be nonlinear functions. 

j, lb, and ?^can be passed as vectors or matrices: see Math 


Syntax 

x = fffiinccrwfu.% xO F 
x = fmincoiitftm,, xO,k, 
x ■ ftoinoon(fun r xO,Ji,' 
x ■ ftaincQra(fm # xO, k, 
x ■ fUncon(ftm,xO,A, 
x * fml cican fp raftiLjem l 





vectors^ and is a function 


L lconr 
.ecu, options} 


And our problem is formally written as seen in the theoretical course: 



min(Z) = minfV (7?)) = w 
(l 1 1) • vv = 1 


0.21728 -0.003376 -0.053492 

-0.003376 0.00253 0.008468 

-0.053492 0.008468 0.2247 


w 


f-rl 




rn 

-1 

< 

vr 2 

< 

i 

-b 


V W 3y 


vl 


With initial numerical values to found a solution: 


W 0J = 0 
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In MATLAB language script this will be written: 



1 


2 

- 

3 

- 

4 

- 

5 

6 

7 

3 


9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 


16 

- 

17 

- 

13 


19 

— 


^Markowitz global minimum variance portfolio 

clear all;close all;clc 

v_Ret=[0.116 0.226 0.252]; 

m_Cov=[0.21728 -0.003376 -0.053492; 

-0.003376 0.00253 0.008468 
-0.053492 0.008468 0.2247 
]; 

TargetReturn=0.22; 

X0=zeros (3,1) ; 

Aeq=ones(1,3); 

Beq=l; 

lb=-ones(3,1); 
ub=ones(3,1); 

Variance=@(w)w 1 *m_Cov*w; ^analytical function expression of the variance!!! 
[OptimalWeights, OptimalVariance]=fmineon(Variance,X0,[],[],Aeq,Beq,lb,ub) 

Return=v Ret*OptimalUeights %check tarsuccessful 


That gives us the expected results: 



Command Window 


< 


is less than the default value of the function tolerance and constru 
are satisfied to within the default value of the constraint tolerant 

e stopping criteria details > 

Active inequalities (to within options.TolCon = le-06): 
lower upper ineqlin ineqnonlin 

2 


OptimalWeights = 

0.0216 

1.0000 

-0.0216 


OptimalVariance 

0.0023 

Return = 

0.2231 


fx » 

— ± 


n 
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FCO with constraints and specific target 

We will use now the function fmincon() that means "find minimum including constrains" to 
find the minimum global variance Markowitz portfolio by fixing also explicitly a given 
return. 

The MathWorks says us that: 


min /I t) such that i 
x 


c(.r) < 0 
ceq x = 0 
A ■ x < b 
Aeq ■ .v = be.q 
lb <x < ub. 


b and beq are vectors. A and A*q are matrices, c$) and ceq{x) are functions that return vec 
that returns a scalar. fa), tfx) t and ceq{ i) can be nonlinear functions. 

x r lb. and ub can be passed as vectors or matrices: see Matrix Argum 


Syntax 

x ■ fmincon(fun,xO |l A r b) 
x ■ f^noon(fun,xO,J%,b,J%€q,beq'| 
x ■ ftaincon(fHn,xQ., h t b, lb 
x ■ Snincoti(fun, xO, A,b # Aeq,beq,l 
a ■ ftolnoon(fun,xQ, A,b, Aeq,beq,lb 
h - f mi neon (probl em] 


And our problem is formally written as seen in the theoretical course: 



tion 


0.116wj +0.226 w 2 +^252w 3 =0.22 

0.21728 

min (Z) = min(V (R)) = 


-T 

W 


-0.003376 
-0.053492 0.008468 



1 1 1 


fl \ 



• w = 



0.116 0.226 0.252 


y 0.22y 




v-ly 


< 






V W 3 J 


< 


f A 


vly 


-0.003376 -0.053492 
0.00253 0.008468 


0.2247 


w 


With initial numerical values to found a solution: 


w 0,i = 0 
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In MATLAB language script this will be written: 



1 ^Markowitz global minimum variance portfolio 

2 - clear all;close all;clc 

3 - v_Ret=[0.116 0.226 0.252]; 

4- m_Cov=[0.21728 -0.003376 -0.053492; 

5 -0.003376 0.00253 0.008468 

6 -0.053492 0.008468 0.2247 

7 ] ; 

3 

9 - TargetReturn=0.22; 

10 - X0=zeros(3,1); 

11 - Aeq=[v_Ret;ones(1,3)]; 

12 - Beq=[TargetReturn;1]; 

13 - lb=-ones(3,1); 

14- ub=ones(3,1); 

15 

16 - Variance=@(w)w 1 *m_Cov*w; ^analytical function expression of the variance!!! 

17 - [OptimalUeights, OptimalVariance]=fmincon[Variance,X0,[],[],Aeq,Beg,lb,ub) 

13 

19 - Return=v_Ret*OptimalWeights %check tarsuccessful 
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That gives us the expected results: 


HU Command Window 



Optimisation completed because the objective function is non-decrea: 
feasible directions , to within the default value of the function to. 
and constraints are satisfied to within the default value of the coi 

< stopping criteria details > 

No active inequalities. 

OptimalWeights = 

0.0492 

0.9732 

-0.0224 

OptimalVariance = 

0.0025 

Return = 

0.2200 
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FCO with nonlinear constraints (and specific target) 

An academic classical and trivial example of a FCO with nonlinear constraints and specific 
target is the shipping box problem. We consider a parallelepiped with the following 
information: 


V = x-y-z = S 

min(Z) = min(5) = 2 (xy + xz + yz ) 


f°l 


r x'' 


rwi 

0 

< 

y 

< 

“hQO 

,0, 


UJ 


V + °°V 


In MATLAB language script this will be written in the non-trivial following form: 




EDITOR 


PUBLISH 


© lidl 




1 k shipping box problem: 

2 k found che dimensions of a box that lor a given volume V=x*y*£’=s| 

3 ^ntimmite the total surface 2 * tx*y+x *t+y*z! 

4 warning( 'oil ' , ' all' ); Sue hide the uarnmgs of MATLAB 

5 x0=[1 1 1 ]} 

6 lb=[0 0 0); 

7 up-[Inf Inf Inf] } 

8 fmineon(inline ( ' 2 * (x (I) *x (2 ) +x (1) *x(3)+x(2) *x (3) ) 1 ) , xO, [],[],[] , [] , lb,up,0nlcon) 



With the external nonlinear function (nlo 


P C:\Documents and 5ettings\Administrateur\Mes documents',MATLAB .nlcon.m 

EDITOR PUBLISH VIEW 


£ m £ B © 

functioirTcTceqT^i^^oinJol - 

C=[] ; 

Ceq= [x (1) *x (2) *x (3) -s|] ; 

end 


F 

4 - 
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We get as result the expected trivial answer (cube): 


Command Window © 


Local minimum possible. Constraints satisfied . 

fmincon stopped because the size of the current search direction is If 
twice the default value of the step size tolerance and constraints arf 
satisfied to within the default value of the constraint tolerance . 

< stopping criteria details > 

No active inequalities. 

ans = 

2-0000 2.0000 2.0000 


f* » 
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Quadratic optimization (QO) 

QO using conjugate gradient method (Q-CG) 

This is also called "non-constrained" or "unconstrained" optimization problem. We will use 
the same function as in the theoretical course. 


First we define our analytical function expression we our known points: 


EDITOR 

PUBLISH 

VIEW 


\m a 

^ s B 



1 function f = UhiteUhale(x) 

2 - t=[l 2 4 5 8] ; 

3- y=[3.2939 4.2699 7.1749 9.3008 20.259]; 

4- = sum([(x(1)*exp (x (2) .*t)-y)) . A 2); 

5 - L end 


As we search a and b that minimize the sum of square error: 


One this done, we use 4 fminuiic( is for "unc"-constrained at the opposite of 

fmincon() we saw before: 



4 In the facts fminunc() can solve not only quadratic optimization problems but this is just an example to show 
that we can also use this function for such problems. 
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MATLAB Command Window 


» xO = [2.5,0.25] ; 

» [x,fval] = fminunc(@UhiteWhale,x0) 

Warning: Gradient must be provided for trust-region algorithm; 

using line-search algorithm instead. 

> In fminunc at 383 



Local minimum found. 

Optimization completed because the size of the gradient is less than 
the default value of the function tolerance. 


x = 


2.5411 


0-2595 


fval = 

6.5029e-O9 


Uj 


.id 


We do not get exactly the same result as the one calculated by hand in the theoretical course. 

We can rewrite fminunc() be expliciting the Hessian and Gradient matrix the we have 
calculated by hand in the theoretical course: 


EDITOR 


PUBLISH 
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EDITOR 

PUBLISH 

VIEW 


m. m 

^ a B 




1 

2 - 

3 - 

4 - 

5 - 

6 - 
7 

3 - 
9 - 
10 - 
11 
12 

13 - 

14 - end 


□ function [f cj _H] = WhiteUhale (x) 
t=[l 2 4 5 8]; 

y=[3.2939 4.2699 7.1749 9.3008 20.259]; 
f = sum(((x (1)*exp (x (2) .*t)-y)) . A 2); 
if nargout > 1 % gradient required 

g = 0.5*[sum(2 *(x(1)*exp(x(2) .*t)-y) .*exp (x (2) .*t)) ; 

sum(2*(x(1)*exp (x (2) . *t) -y) .*x (1) . *t.*exp (x (2) .*t))]; 

end 

if nargout > 2 % Hessian required 

H = [sum(exp(2*x (2) .*t)) , sum(2*x(1).*t.*exp(x(2).*t)-y.*t.*exp(x(2).*t)), 
sum(2 *x(1)*t.*exp (x (2) ,*t)-y.*t■*exp(x (2) .*t)), . . . 
sum (2 *x (1) A 2 *t.*exp(2*x (2) .*t)-x(1)*y.*t. A 2.*exp(x(2) .*t))]; 


end 
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And we can see that the result is worse than before. Because MATLAB did 200 hundred 
iterations we cannot compare with the few iterations we calculated by hand: 


Command Window 


xO = 


2.5000 0.2500 


Solver stopped prematurely . 

fminunc stopped because it exceeded the function evaluation limit, 
options.MaxFunEvals = 200 (the default value). 


2.5019 0.2616 


t) 


fval = 


0.0097 


h 


For sure we can control the number of iterations with MATLAB but in practice we almost 
always take the maximum and not just three iterations...: 


EDITOR 

PUBLISH 

VIEW 

a m 

i ^ B 



x0=[2.5,0.25] 

options = optimset ( 1 GradObj 1 , 1 on 1 , 1 Hessian 1 , 1 on 1 ,|^JIaxFunEval£^20o| 
[x,fval] = fminunc(@WhiteWhale,xO,opt ions) 


V 
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QO using interior point convex method (Q-IPC) 

To study a specialized optimization function of MATLAB for quadratic problems we will 

take the Markowitz global minimum variance problem again first without target return value. 

First MathWorks give us that: 

Finds a minimum for a problem specified by 

{ A ■x < b, 

l r r ] 

min-* Hx-r f x such that { Aeq -x = beq. 
x (/&<*< zf&. 

H : A , and Aeq are matrices, and/ b t beq : /&, ub, and * are vectors. 

jl = quadprog (H r f) 

k = quadprog(H, f P A P b) 

k = quadprog(H r f r A r b r Aeq r beq) 

x = quadprog(H r fpApbjflegjbeq, lb 

x = qu£dprog (H r f r A r b r As q t b e EJLb r ub r ^t' 

x = quadprcg{d,f,ApbpAeqpbeq,lb,ubpxOpopticnsi 

x = quadprog(problem) 

Our Markowitz problem is formally: 

“ 0.21728 -0.003376 -0.053492" 

min(Z) = min(V (/?)) = w T -0.003376 0.00253 0.008468 w 

-0.053492 0.008468 0.2247 
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In MATLAB language script this will be written: 



EDITOR PUBLISH VIEW j 

GB HI £ B © a - E 

1 

- 

clear all;clc 

2 

- 

v_Ret=[0.116 0.226 0.252]; 

3 

4 

5 


m_Cov=[0.21728 -0.003376 -0.053492; 

-0.003376 0.00253 0.008468; 

-0.053492 0.008468 0.2247]; 

6 

- 

int Assets=length(v Ret); 

7 

- 

lb=-ones(1,int Assets); 

8 

- 

ub=ones(1,int Assets); 

9 

- 

Aeq=ones(1,int Assets); 

10 

- 

sng SumOfWeightsConstraint=l; 

11 

- 

MinVarWeights=quadprog(m Cov,[0 0 0] ,[],[], Aeq, 1, lb, ub) ; 

12 

- 

MinVarWeights 

13 

- 

MinVarStd=sqrt(MinVarWeights 1 *m Cov*MinVarWeights); 

14 

- 

MinStd=MinVarStd A (1/2) 

15 

- 

MaxReturn=v Ret*MinVarWeights 


As we can see it is normal than we get exactly the same result as the one we get on page 961: 

_ y / 


Command Window 


Optimization terminated. 


MinVarWeights = 



0.0216 

1.0000 

-0.0216 



MinStd = 

0.2184 


MaxReturn = 

0.2231 
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And the same with a target return now: 


EDITOR 

PUBLISH 

VIEW 



LS M 


1 

- 

2 

- 

3 

- 

4 


5 


6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 




CD a - 2 


clear all;clc 

v_Ret=[0.116 0.226 0.252]; 

m_Cov=[0.21723 -0.003376 -0.053492; 

-0.003376 0.00253 0.003463; 

-0.053492 0.003463 0.2247]; 
int_Assets=length(v_Ret); 
lb=-ones(1,int_Assets); 
ub=ones(1,int_Assets); 

Aeq=ones(1,int_Assets) ; 
sng_SumOfWeightsConstraint=1; 

HinVarWeights=quadprog (m_Cov, [0 0 0] ,v_Ret, 0.2 2 , Aeq, 1, lb, ub) 
HinVarWeigh t s 

HinVarStd=sqrt (HinVarWeights 1 *m_Cov*HinVarWeights) ; 

H i nS t d=HinVar31 d A (1/2) 

HaxReturn=v_Ret *HinVarWeights 


This gives us exactly the same result as the one of page 963: 



Command Window 


Optimization terminated. 

HinVarWeights = 

0.0492 

0.9732 

-0.0224 


HinStd = 


0.2227 


HaxReturn 


0.2200 
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Genetic algorithms (GA) 

We have studied in the theoretical course of a Numerical Methods the idea behind genetic 
algorithms and we also play with such an algorithm with the new solver available since 
Microsoft Excel 2010. The idea here is to see how the same optimization tool works in 
MATLAB and after try to reproduce the same results as the one we did in Microsoft Excel. 


Simple close-form unconstrained function without upper and 
lower bounds 


The first classical academic example of GA is to find the optimum of 
For this purpose we first build a 2D random bounded grid as initial 
evolution: 



triging functions, 
mlation for the 


*6 MATLAB Command Window 


» mat_Alea=randn(20 f 2)*2 


mat Alea = 


n^Ei 


-0.2045 

-2.1781 

-0.4829 

0.0651 

0.6384 

1.1051 

0.6257 

2.2012 

-1.7298 

3.0884 

-0.0601 

0.1719 

-0.3298 

-2.9832 

1 .2554 

-1.4846 

2.1865 

-2.1232 

2.2185 

4.7009 

-1 .7273 

-1.2312 

0.1547 

1.4962 

-2.4282 

-0.3848 

-2.2270 

1 .7772 

-0.0137 

-1.5297 

3.0653 

-2.8045 

-1 .5393 

-2.8448 

0.7428 

0.9764 

-0.4512 

-0.3548 

2.2347 

-0.3921 
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We now shift the values because we now the 2D definition domain of the Rastriging function: 


MATLAB Command Window 




» initPop = bsxfun(@plus, [2 3], matAlea) 
initPop = 


1 .7955 

0.8219 

1 -5171 

3.0651 

2.6384 

4.1051 

2.6257 

5.2012 

0.2702 

6.0884 

1 .9399 

3.1719 

1.6702 

0.0168 

3.2554 

1.5154 

4.1865 

0.8768 

4.2185 

7.7009 

0.2727 

1.7688 

2.1547 

4.4962 

-0.4282 

2.6152 

-0.2270 

4.7772 

1 .9863 

1.4703 

5.0653 

0.1955 

0.4607 

0.1552 

2.7428 

3.9764 

1.5488 

2.6452 

4.2347 

2.6079 




A 


saoptims 


Now we use the function gaoptimset( ) function to define the initial population to use and 
after the ga( ) function to search the optimum and plot the solution: 


*'! MATLAB Command Window 


HBB 


» opts = gaoptimset('InitialPopulation',initPop); 

» [x,fx]=ga(@rastriginsfcn, 2, [],[], [],[], [],[], [], opts); 

Optimization terminated: average change in the fitness value less than options.TolFun. 
» ezsurfc(@(x,y) rastriginsfcn([x,y])); 

» shading interp 
» hold on 

» plot3(x(1), x(2), fx, 'Markero', 'MarkerSize',20, 'MarkerFaceColor','b') 




Ul 


A 
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So we get: 



+) Figure 1 


mmm 


File Edit View Insert Tools DeskJtop Window Help 



<1 ^ 

® si - 

l=Tl 

L’-C.j 

□ m 


rastriginsfcn([x,y]) 


If we change a little bit the perspective: 






MATLAB Command Window 


» uieu(270,180) 


1*„ Figure 1 




File Edit View Insert Tools DeskJtop 

i Window Help 



q a a ^ I | o 

8 « A - 


□ El 

■ 0 



6 


4 2 


0 -2 -4 -6 

y 
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Neural Network GA optimization for DOE 

In this example we will use two thing for which he have study the idea in the theoretical 
course of Numerical Methods: 1) The genetic algorithms (GA), 2) The Neural Networks (NN) 

Note: For more details on Neural Networks the reader can start to read the page 1165. 

The purpose of this example is to analyze the famous full factorial dataset we used in the 
Design of Experiment theoretical course using the polynomial model: 


Fichier Edition Format Affichacje 7 



^■o ad; sp e e d;pre s sure; distanc e 

1;1;1;32700 

1;1;1;32730 

1;1;1;32960 

1;1;2;33430 

1;1;2;33360 

1;1;2;32910 

1;1;3;31710 

1;1;3;32100 

1;1;3;33130 

1;2;1;326S0 

1;2;1;32270 

1;2;1;33130 

1;2;2;34O70 

1;2;2;33100 

1;2;2;33610 

1;2;3;33220 

1;2;3;33700 

1;2;3;332S5 

2;1;1;331S0 

2;1;1;32160 

2;1;1;32640 

2;1;2;34430 

2;1;2;342S0 

2;1;2;34460 

2;1;3;33570 

2;1;3;33300 

2;1;3;32570 

2;2;1;33270 

2;2;1;330S0 

2;2;1;32415 

2;2;2;33440 

2;2;2;33570 

2;2;2;34204 

2;2;3;32S40 

2;2;3;33210 

2;2;3;32470 
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And we want to find the optimum for this model using neural networks and GA as this is a 
famous method in high level R&D laboratories. 

For this purpose we create a custom function deo_car() that will be called later by the ga(). 
In this custom function doe_car() we use the functions fitnet() with 10 hidden layers, after 
what we train the NN with the function nntraintool(). We close neural network window tool 
with the command nntraintool('close'): 


Q 

I 

L5i 


C:\doe_car.m 


EDITOR 


1 <3 


© a - 2 


1 


2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 


10 

- 

11 


12 

- 

13 

- 

14 

- 

15 


16 

- 

17 

— 


function distance=doe_car(ga_input) 

mydata=dataset( 1 File 1 , 1 C:/tmp/DOE.csv 1 , 1 Delimiter 1 , 1 ; 1 ) ; 

Road=double(mydata(:, 1)); ^between 1 and 2 (integer) 

Speed=double(mydata(:,2)); ^between 1 and 2 
Pressure=double(mydata(:,3)); ^between 1 and 3 
Distance=double(mydata(:,4)) 1 ; 

Input=[Road,Speed,Pressure] 1 ; 
nvars=3; 

net = fitnet(10); 

[net,tr] = train(net, Input,Distance); 
nntraintool( 1 close 1 ); 
format long g; 

%ga search for a minimum thus ue have to inverse to find the maximum] 
distance=l./net(ga_input 1 ); 

end 

7 

We generate a random population based on the range of values taken by the experiment for 
the type of Road, Speed and Pressure: 


B C:\DEO_GA.m* 

EDITOR 

PUBLISH 

VIEW 





1 

- 

2 


3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

- 

10 

- 

11 

- 

12 



clear all;close all;clc 

N=100; 

rRoad= randi([l 2],1,N) 1 ; 
rSpeed=1 + (2-1) . *rand (N, 1) ; 
rPressure= 1 + (3-1).*rand(N,1); 
initPop=[rRoad^ rSpeed^ rPressure] ; 

□pts=gaoptimset( 1 InitialPopulation 1 ,initPop); 
lb=[l,l,l] ; 
ub=[2,2,3]; 

[x,fx] =ga (Gdoe car, 3, [],[],[],[], lb, ub, [] ,opts) ; 

xj 
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On the first run with N=100 we get: 


Command Window 




Command Window 


>> x 1 


ans 


1.20078911332773 
2.75980189709834 


f* » 
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With 200 random samples: 


Command Window 


>> x 1 

ans = 


1.9453125 
1.33631294235014 
2.07142136360345 


With 300 random samples: 




With 500 random samples: 
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Command Window 


>> x 1 


1.96893692016602 
1.24756347493678 
2.01437464957023 


fx >> 


With 600 random samples: 


Command Window I 

X 

A 

A 


ans = 

2 

1.13904473688751 

2.12543968232947 

h » 1 




We see where the optimals inputs converge. 


v> 


But we can do better and coming back to a sample of 100 but forcing the first variable (type 
of Road) to be an integer by a small change in the function ga(): 


[x,fx] =ga(Gdoe_car,3, [],[],[],[], lto,uto, [] ,1m], opts) ; 

x 

This gives us not a significant change: 



Command Window 


» X 1 


1.0890478870483 6 
2 . 10335731726387 


/* » 


Remember that in the theoretical DOE course we get using classical polynomial full factorial 
design the following values for the parameters: 

[2 (road), 1 (50 [km/h]), 2 (2 [kg])] 

and as we can see it, this corresponds almost perfectly! 
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Finance (with Finance/Optimization and 
Econometrics Toolboxes) 

Here we will just focus on the basics of the: Finance Toolbox, Statistics Toolbox, 
Optimization Toolbox, Trading Toolbox, Financial Instruments and Econometrics Toolboxes. 
That means mainly on topics typically covered during the CFAI/II/III or FRM studies. 


For the new features of each version of the finance toolbox please refer to the following link: 


http://www.MathWorks.ch/ch/help/finance/release-notes.html 

We will also study and practice in this chapter only stuff that we have study in the theoretical 
training on mathematical finance. 

Plots 

For sure you can with MATLAB plot easy traditional financial plots: 

OHLC Chart (Open-High-Low-Close) 

This is a very traditional chart in finance and don't need any explanations to be understand 
using the highlow( ) function: 


Command Window 

H » load disney.mat 

» range = 1:25; 

» highlow(dis_HIGH(range) , dis_LOW(range), dis_CLOSE(range) . 
dis_OPEN(range), 'blue' , dis.dates(range) ) ; 

h » 



Workspace 

© 

Name l. 

| Value 

©j dis 

<782x5 f ints > 

2 dis_CLOSE 

<782x1 double > 

2 dis_HIGH 

<782x1 double > 

5 dis_LOW 

<782x1 double > 

Jj dis_OPEN 

<782x1 double > 

5 dis_VOLUME 

<782x1 double > 

©] dis_nv 

<782x4 Pints > 

6] q_dis 

<13x4 Pints > 

-R range 

<1x25 double > 



<1 .1 d 




Command History ® 


■<t — 25.10.201S 11:48 —% 
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Fractional prices 

We begin by converting values to fractional one as we can see in newspapers using the 
function cur2frac(): 
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Return 

The purpose here is to convert values into returns and see what MathWorks calls "returns" 
using the function price2ret(): 


*1 MATLAB Command Window 




» ualues=[100000,150000,90000,125000,80000,225000]; 
» price2ret(ualues) %log return_ 

H 

ans 

= 





0.4055 -0.5108 0.3285 

-0.4463 

1.0341 


L exp(price2ret(ualues)) 




ans 

= 





1.5000 0.6000 1.3889 

0.6400 

2.8125 


L exp(price2ret(ualues))-1 




ans 

= 





0.5000 -0.4000 0.3889 

-0.3600 

1.8125 


»i 

Uj 






The last line rounded of red corresponds ^ get with the R software in the R course! 
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Maximum Draw Down 


No comment about this indicator... 


Maximum 



Let us see how to calculate "by hand" what does the maxdrawdown() function: 


Command Window 


>> values=[100000 150000 90000 125000 80000 225000]; 
>> HDD=maxdrawdown(values) 


HDD 


0.4667 


>> 150000 %the value when the first drawdown will appear 


ans = 


150000 

>> 80000 %the last value befor a drawup appears 

ans = 


80000 

» HDD=(150000-80000)/150000 
HDD = 


0.4667 

Or instead of having a ratio we can get the difference: 
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>> maxdrawdown(values, 'arithmetic' ) 

ans = 

70000 

fx » 
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Box-Cox transformation 

Caution!! Remember that if you have negative data Box-Cox transformation won't 
work. You will have to shift your data before and after shift the result back again. 


Consider the following asymetric (skewed) datas set: 



We import the data and use the function boxcox() the normalized the data: 


EDITOR PUBLISH VIEW 


ES. Eg ^ jj ± B _ 

1 mydata=dataset( 1 File 1 , 1 C:\tmp\BoxCox.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

2 [transdat, lambda]=boxcox(mydata.AsymetricData) 

3 

4 subplot (2, 1, 1) ; 

5 hist(mydata.AsymetricData); 

6 grid on; 

7 title( 1 Nonnormally Distributed Data 1 ); 

3 subplot (2 , 1, 2 ) ; 

9 hist(transdat); 

10 grid on; 

11 title( 1 Box-Cox Transformed Data 1 ); 


MATLAB 


988/1357 















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


We can see on the chart below that the result is quite good: 


I ) Figure 1 





File Edit View Insert 

Tools Desktop Window Help 




k 

\ O © & - 1 EL 

n s 

□ 0 




Utilis 

Micro 
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Simple capital calculations 

The calculations that follows now a very basic (high school level and even below). The 
purpose is just to calculate actual and future values of fixed rate investments. 

Composed Interest (fixed future value) 

Here this is so simple that there is nothing to say about the usage of the function fvfix(): 



Composed Interest (fixed present value) 

Here the purpose is just to invert the previous calculation using the function pvfix(): 
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Spot rate (zero coupon rate) to forward rate 

We have seen in the theoretical course that this is a major subject in modern portfolio theory. 
This topic is particularly difficult when the subject is to interpolate forward rate between 
known maturity dates (Nelson-Siegel and other interpolation models). 

We will use the same data as those used in the theoretical course and apply the function 

zero2fwd(): 


EDIK 

DR PUBLISH 

VIEW 

G8. IH 

<3 B © a - 

E 

1 

clear all;clc 


2 

ZeroRates = [0.0458 


3 

0.0502 


4 

0.0518 


5 

0.0519 


6 

0.0524 


7 

0.0519 


3 

0.0523 


9 

0.0525 


10 

0.0541 


11 

0.0529]; 


12 

CurveDates = [datenum 

( 1 01-Jan-2 001 1 ) 

13 

datenum( 

1 01-Jan-2 002 1 ) 

14 

datenum( 

1 01-Jan-2 003 1 ) 

15 

datenum( 

1 01-Jan-2 004 1 ) 

16 

datenum( 

1 01-Jan-2 005 1 ) 

17 

datenum( 

1 01-Jan-2 00 6 1 ) 

13 

datenum( 

1 01-Jan-2 007 1 ) 

19 

datenum( 

1 01-Jan-2 008 1 ) 

20 

datenum( 

1 01-Jan-2 009 1 ) 

21 

datenum( 

1 01-Jan-2 010 1 )]; 

22 

Settle = datenum( 1 Ol-Jan-2000 1 ) ; 

23 

Compounding=l; 


24 

ForuardRates_= zero 2 f ud 

(ZeroRates, CurveDates,Settle, Compounding) 


Thus we get 
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Command Window 
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Amortization and deprecation 

The purpose here is just to reproduce the calculations made by hand and in Microsoft Excel 
after the proofs we have studied in the theoretical course. 

Straight line deprecation (SLN) 

We begin with the first most intuitive function for depreciations depstln(): 


MATLAB Command Window HO E 


» %do wo obtain thp sano thiny as hand and MS Excol calculation? U 

» depstln(2O000, 2000, 6) 

ans = 

3000 

» %yest 



The results correspond perfectly to the calculations made by hand and with Microsoft Excel. 


Sum of years digit (SYD) 

We know it is an empirical rule but we still check if we found the same results as the 
calculations made by hand and with Microsoft Excel using the function depsoyd(): 



MATLAB 


993/1357 
















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Fixed declining-balance depreciation schedule (DB) 

We have seen and proved in the theoretical course that the DB depreciation is an intuitive 
method (at the opposite of SYD that is an empirical U.S. rule). 


Let us have a look if we have the same results as by hand and Microsoft Excel using the 
function depfixdb(): 



Double declining balance (DDB) 


We have seen and proved in the theoretical course that the DDB depreciation is also an 
intuitive method. Let us check that with the function depgendb(): 


MATLAB Command Window 


» %do ue obtain the sane thing as hand and MS Excel calculation? 

» DDB=depgendb(2400,300,6,2); 

» DDB' 

B 

ans = 

see 

533.333333333333 

355.555555555556 

237.037037037037 

158.024691358025 

16.049382716049 


» %yest| 



Ll 


A 
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Loans and credits 


All calculations here are high school mathematics level and have been proven in the 
theoretical Accounting course and applied by hand and also with Microsoft Excel. The 
purpose here will be as always to be sure that we found the same results for each example. 

Payment for a loan based on constant payments and a 
constant interest rate (PMT) 

We begin with the famous PMT (as named in Microsoft Excel) where the function in 
MATLAB is amortize(): 


ire the functi 

A 


EDITOR 


PUBLISH 


14 


„ <s> 


( 2 ) 


Pate=0.05; 

NumPeriods=10; 

PresentValue=20000; 

%do we find the same thing as hand and MB Excel calculation? 

[Principal,Interest,Balance,Payment]=amortize(Pate,NumPeriods,PresentValue); 
format bank; 


As we can see it we obtain the same result as the 
Microsoft Excel: 


calculation 


made my hand and with 


( 


Command Window 


Payment = 


2590.09 


f* » %yes ! 
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As in Microsoft Excel we can use different function to get the same results using the functions 
that pay per () or payadv(): 


MATLAB Command Window 


» pothers way_ 

» payper( 0. 05 ,1 0,20000, 0, 0) 

m 

ans = 


2590-09149930913 


» payaduf 0.05 ,1 0,20000, 0, 0) 


ans = 


2590.09149930913 


»l 



lf/A 


And also like in Microsoft Excel and by hand we can invert the problem by asking what is the 
interest rate when we know all others parameters using the function annurate(): 


MATLAB Command Window 

H BB 

» Xand if we want to get back the Interest rate? 

» annurate(10,2590.09,20000,0,0) 

ans = 

0.0499998808008448 

3 

» | 



.3^ 


Or also the number of periods using the function annuterm(): 



MATLAB 


996/1357 


















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Principal Payment (PPMT) 

We stay with the function amortize() to see now the different principal values for each 
month and see if the correspond to the calculations made by hand and with Microsoft Excel 
(using PPMT() function): 



As we can see it we obtain the same result as the calculations made my hand and with 
Microsoft Excel: 


Command Window 


Principal = 

1590.09 
1669.60 
1753.03 
1340.73 
1932.77 
2029.40 
2130.37 
2237.42 
2349.29 
2466.75 

f* » %yes ! 


MATLAB 


997/1357 











Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Interest Payment (IPMT) 

We stay with the function amortize() to see now the different interest we pay for each month 
and see if the correspond to the calculations made by hand and with Microsoft Excel: 



1 

2 

3 

4 

5 

6 
7 
3 


Pate=0.05; 

NumPeriods=10; 
PresentValue=2O00O; 


%do we find the same thing as hand and MS Excel calculation? 

[Principal,Interest,Balance,Payment]=amortize(Pate,NumPeriods,PresentValue); 


format hank; 


Interest=Interest 1 


As we can see it we obtain the same result as the calculations made 
Microsoft Excel: 


tde my hand and with 

_ 


Command Window 


Interest = 

1000.00 

920.50 

837.02 

749.36 

657.33 
560.69 
459.22 
352.67 
240.80 

123.34 

fx » % yes l| 
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Payment Present Value (PV) 

We check here by using the function amortize() that we get the same residual value of a 
credit. The value that we get here must simple be equivalent to the 20'000 where we substract 
the value we get before with the Principal Payement Value (see page 999) and that we can get 
directly with Microsoft Excel using the function PV(): 


EDITOR 

PUBLISH 

VIEW 

® M Si ^ 

^ B (2) 



1 Pate=0.O5; 

2 NumPeriods=10; 

3 PresentValue=2O000; 

4 

5 %do we find the same thing as hand and MS Excel calculation? 

6 [Principal,Interest,Balance,Payment]=amortize(Pate,NumPeriods,PresentValue); 

7 format hank; 

3 PresentValue=Balance 1 

So we get: 

_ y 


Command Window 


< 7 ) V' 


PresentValue = 



18409 

16740 

14987 

13146 

11213 

9184 

7053 

4816 

2466 

0 


% yes ! 


correct. 


91 

31 

24 

51 

74 
34 
46 
04 

75 
00 
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Plot resume of loan payment 

This can be seen just as an exercise for fun that resume plotting skills and one of the previous 
function we have seen just above: 



1 Pate=0.O5; 

2 NumPeriods=10; 

3 PresentValue=2O000; 

4 

5 %do we find the same thing as hand and MS Excel calculation? 

6 [Principal,Interest,Balance,Payment]=amortize(Pate,NumPeriods,PresentValue); 

7 

8 plot(Balance, 1 b 1 ), hold( 1 on 1 ) 

9 plot(cumsum(Principal), 1 —k 1 ) 

10 plot(cumsum(Interest), 1 :r 1 ) 

11 

12 xlahel ( 1 Payment Month 1 ) ; ylalnel ( 1 CHF 1 ) 

13 grid( 1 on 1 ); 

14 title( 1 Outstanding Balance, Cumulative Principal £ Interest 1 ) 

15 legend( 1 Outstanding Balance 1 , 1 Cumulative Principal 1 , 1 Cumulative Interest 1 ) 

16 y=0:2000:2O000; % define the y values where you want to have a tick 

17 set(gca, 1 YTick 1 ,y); % Apply the ticks to the current axes 

13 set(gca, 1 YTickLahel 1 ,arrayfun(G(v)sprintf( 1 %d' ,v),y, 1 UniformOutput 1 ,false)); 
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Annuities 

As we know actuarial calculations are very important in insurance (they are the basics). Once 
again here we will check that we get the same results as those obtained by hand and with 
Microsoft Excel. 

Postnumerando actual annuity value (PV) 


MATLAB Command Window 


MB 




» %do we obtain the sane thing as hand and MS Excel calculation? 
» pufix(G.G6, 10, 3500, G, G) 


ans = 


25760.3046799515 


%yest 


lL 


J 


J 


Postnumerando forward annuity value (PV) 


MATLAB Command Window 


» %do we obtain the sane thing as hand and MS Excel calculation? 
» fufix(0.06, 10, 3500, 0, 0) 






ans 


46132.7822983331 


%yes1 


UJ 


A 
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Postnumerando number of periods (NPER) 



Postnumerando annuity rate (A 


(ANNURATE) 
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Corporate finance 
Net Present Value (NPV) 
Periodic NPV 


MATLAB Command Window 


» %do ue obtain the same thing as hand and MS Excel calculation? 
» puuar([-2000 400 800 1600], 0.05) 

ans = 


488.7161 
» %yes! 


A) V 


LlI 

non-Periodic NPV 


MATLAB Command Window 


» %do ue obtain the same thing as hand and NS Excel calculation? 
» CashFlow=[-20OO, 400, 800, 1600]; 

» CFDates=[ '2013-01-01' ; '2014-01-01' ; '2015-01-01' ; '2016-01-01' ] ; 
» Rate=0.05; 

» XNPU=puuar(CashFlow, Rate, CFDates) 


2fd 



NNPU = 
488.7161 
%yest 


LlI 


A 
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Internal Rate of Return (IRR) 

Periodic IRR 


MATLAB Command Window 


» %do we obtain the same thing as hand and MS Excel calculation? 
» irr([-2O00 400 800 1600]) 

ans = 

0-1512 

%yes? 


l-inixi 

—3 


UJ 



non-Periodic IRR 


MATLAB Command Window 


» CashFlow=[-2000 f 400, 800, 1600]; 

» CFDates=[ ‘2013-01-01 1 ; ‘2014-01-01 ‘ ; ‘2015-01-01 ‘ ; ‘2016-01-01 ‘ ]; 
» Return=xirr(CashFlow, CFDates) 

Return = 

0-1512 


Uj 




J 
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Modified Internal Rate of Return (MIRR) 


MATLAB Command Window Hlil Q 


» %do we obtain the sane thing as hand and MS Excel calculation? 
» nirr([-1008 -4000 5000 2000],0.1,0.12) 
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Treasury bills/Securities (bonds) calculations 

Clean price of a security (BNDPRICE) 


EDITOR 

PUBLISH 

VIEW 

is m s* i 

i- 

3> B CD 



1 % This tondprice function returns Clean prices and accured interest due. 

2 clear all;clc 

3 %we will see if we found the same result as in the MS Excel training 

4 Yld =0.1; %Yield 

5 CouponRate=0.06; % Coupon Rate 

6 StartDate= 1 11 2013-01-01 1 ; ^Settlement date 

7 EndDate= 1 2017-01-01 1 ; % Maturity date 

3 Period=12; ^frequency 

9 %note that a Basis of "1" in Excel corresponds to a Basis of "0" in Matlato 

10 CleanPrice=tondprice(Yld,CouponPate,StartDate,EndDate,Period, 1 Basis 1 ,0) 

11 

12 %the result will toe different from Microsoft Excel and calculations made toy hand!!! 

13 hi have to found why 


Command Window 


CleanPrice = 

87.4767 

Jx » 



t 


1 ^auray of yields 

2 yields=0:.01:.15; 

3 % coupon rate 

4 couponRates=.05; 

5 % settlment date specified as today's date 

6 sttl=datenum(today); 

7 ^specification of maturity date 

3 maturity=datenum [' 1/01/2018 ') ; 

9 ^tondprice produces clean price and accrued interest with face value default 

10 %of 100 

11 [Price,Accruedint]=tondprice[yields,couponRates,sttl,maturity); 

12 plot(yields,Price+Accruedint) ; 

13 title ('Price to Yield 1 ); 

14 grid on;| 
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Price of treasury bond/security (TBILLPRICE) 



Remember that a treasury bond is by default on 100.-. Pricing a security is based on the same 
mathematical rules but with a different nominal: 
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MATLAB Command Window 


» %do we obtain the same thing as hand and MS Excel calculation? 
» prdisc( 1 1999-03-30 1 , 1 1999-06-01',100,0.09,2) 




ans = 


98.425 


%yes* 


LlI 


Yield of a treasury bond (TBILLYIEL 





A 
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Discount rate of a security (DISC) 


MATLAB Command Window 


□aEl 

—3 


» %do we obtain the same thing as hand and MS Excel calculation? 
» ylddisc( 1 1999-03-30*, *1999-06-01 1 ,100,98.47034,3) 


ans 


0.0899998504424369 


%yest 


LlI 


J 



T 


Annual yield for a discounted se 


g 



MATLAB 


1010/1357 
































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Bond duration, Macaulay duration and convexity 

Do we get the same results as the calculations made by hand in Microsoft Excel and with the 
special native corresponding Microsoft Excel function?: 


MATLAB Command Window 


» %do we get the sane thing than hand and MS Excel calculations? 
» frequency=1; ^annual 
» basis=0; %actual/actual 

» [Duration MDuration]=bnddury(0.1,0.07,'2007-01-01',' 201 0-01-01' 

, frequency,basis) 

Duration = 


2.6660 


MDuration = 


2.7993 


» %By hand and in MS Excel we get D=2.7457, MD=2.566 0_o 

ifl 

jfJ 


And in comparison with the calculations made by hand in the theoretical course: 
First we define the values: 
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Naive Markowitz portfolio models 

As in the theoretical course we start from the following data of assets: 


E Microsoft EkccI - MarkowitzData.Hls 


■ ^1 ] Fichier Edition Affichage Insertion Format 

\\A & Q & Q\<=* \£\^ & \ 


C6 - f* 



Optimal short-long portfolio (without transaction costs) 

To run the naive Markowitz portfolio without transaction cost the script is the following: 



1 %%Global Minimum Variance Markowitz Model (short sales allowed/unconstrained) 

2 clear all;close all;clc 

3 returns = xlsread( 'E:\MarkowitzData.xls' ); 

4 ExpReturns = mean(returns); 

5 c = cov(returns); 

6 StdDev = std(returns); 

7 

8 AssetBounds = [-1 -1-1 ;1 1 1]; 

9 [PortRisk,PortReturn,PortWts]=frontcon(ExpReturns,c,[], [] ,AssetBounds); 

10 names = { 1 11 Tl 1 1 T2 1 1 T3 1 }; 

11 

12 portfolioexamples_plot( 1 Efficient Frontier 1 , ... 

13 {'line 1 , PortRisk, PortReturn}, ... 

14 {' scatter ',StdDev , ExpReturns, names, 'r'}); 

15 

16 RisklessRate=0.001; %can't be null or even NaN [???) 

17 BorrowRate=Na!J; ^cajn't be =0 but can be =NaN ... (???) 

18 [RiskyRisk, RiskyReturn, RiskyWts, RiskyFraction, OverallRisk, ... 

19 OverallReturn] = portalloc(PortRisk, PortReturn, PortWts,RisklessRate,BorrowRate); 

20 printmat(RiskyUts, 1 Optimal Portfolio 1 , 1 weight 1 , 1 Tl T2 T3 1 ) 

21 

22 elf; 

23 portfolioexamples_plot( 1 Efficient Frontier 1 , ... 

24 {'line 1 , PortRisk, PortReturn}, ... 

25 { 'scatter' ,RiskyRisk,RiskyReturn}, ... 

26 {' scatter ',StdDev , ExpReturns, names, 'r' }); 

27 

28 RiskyReturn 

29 Variance=RiskyRisk A 2 
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We get the following ugly efficient frontier in green the minimum variance portfolio and in 
red the three initial assets positions: 


1- Figure 1 



BETH 

File Edit View Insert 

Tools DeskJtop Window Help 




^ st © ® « /. - a 

□ El 

■ o 


Efficient Frontier 



The corresponding weights, variance and return are: 


Command Window 


Optimal Portfolio = 
weight 


T1 

0.02532 


T2 

1.00000 


T3 

-0.02532 


RiskyReturn = 
0.2225 


Variance = 

0.0021 


fx >> 
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Optimal short-long tangent portfolio (without transaction 
costs) 

Ok fine... but let us see is we can reproduce the same example as in the theoretical course 
with the CML and the chose free-risk rate: 


EDITOR PUBLISH 

VIEW 

IS El . - fi ^ . B © 



1 

- 

2 

- 

3 


4 

- 

5 


6 


7 

- 

8 


9 


10 

- 

11 


12 

- 

13 


14 


15 


16 

- 

17 


18 

- 

19 

- 

20 

- 

21 

- 


clear all;close all;clc; 

ExpReturn = [0.116 0.226 0.252]; 

ExpCovariance = [0.21723 -0.00422 -0.06637 

-0.00422 0.00253 0.01059 

-0.06637 0.01059 0.22247]; 

[PortRisk, PortReturn, PortWts] = portopt(ExpReturn, ... 
ExpCovariance); 


RisklessRate 


0 . 22 ; 


► 


[RiskyRisk, RiskyReturn, RiskyWts, RiskyFraction, ... 

OverallRisk, OverallRet.urn] = portalloc (PortRisk, PortReturn, . . . 

PortWts, RisklessRate) 

NumPorts = 20; 

[PortRisk, PortReturn, PortWts] = portopt(ExpReturn,ExpCovariance, NumPorts); 
RisklessRate = 0.22; 

portalloc (PortRisk, PortReturn, PortWts, RisklessRate) 
axis([0 0.24 0.21 0.24]); 


And we get: 



} Capital Allocation 

-|nj x] 

File Edit View Insert Tools Desktop Window Help 




' w 

h j a d ^ | n | :+: * Q* © ® « d - 1 a 

□ 

w 

■ 0 



0.24 


Optimal Capital Allocation 


0.235 - 


0.23 - 


ct 

0-225 


0.22 



+ Optimal Overall Portfolio 
+ Optimal Risky Portfolio 


0.215 - 


0.21 


0.05 0.1 0.15 0.2 

Risk (Standard Deviation) 
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Therefore we see without surprise that we don't get the same results as in Microsoft Excel 
during the theoretical course but the results are still not too far. 

Optimal portfolio with implicit constraints no short sales 
allowed (without transaction costs) 

Now we play with MATLAB to get as in Microsoft Excel a series of returns and variances for 
various portfolios. 

Caution: The results are very sensitive to the number of simulations between 0 and 100 
simulations. 


EDITOR 

PUBLISH 

VIEW 





1 


2 

- 

3 

- 

4 


5 

- 

6 


7 

- 

8 

- 

9 

- 

10 

- 

11 

- 


<5> . B © 


%%Global Minimum Variance Markowitz Model (short sales not Allowed) 
clear all;close all;clc 

returns = xlsread( 1 E:\MarkowitzData.xls 1 ); 
hit the dataset has missing values, 
returns(any(isnan(returns),2),: ) = [] ; 

%we calculate the historical mean, covariance, and standard deviation 
ExpReturns = mean(returns); 

M_C ov = cov(returns) ; 

StdDev = std(returns); 

SimulatedPortfolios=10; 

[PortRisk, PortPeturn, PortUts] = portopt(ExpReturns,M Cov,SimulatedPortfolios) 


We get in the output window: 


PortRisk 


\xr 


PoutRetuun 


PortUts = 


0.0483 
0.0503 
0.0879 
0.1389 
. 1929 
,2481 
,3037 
,3595 
.4155 
.4717 


0.2227 

0.2260 

0.2292 

0.2325 

0.2357 

0.2390 

0.2422 

0.2455 

0.2487 

0.2520 


0.0296 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 


0.9704 

0 

1.0000 

0 

0.8751 

0.1249 

0.7501 

0.2499 

0.6251 

0.3749 

0.5001 

0.4999 

0.3750 

0.6250 

0.2500 

0.7500 

0.1250 

0.8750 

0 

1.0000 
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Now by adding a line to the previous script we can plot easily the corresponding efficient 
frontier: 


1 EDITOR 

PUBLISH 

VIEW | 


- © © 



1 %%Glotoal Minimum Variance Markowitz Model (short sales not Allowed) 

2 - clear all;close all;clc 

3 - returns = xlsread( 1 E:\MarkowitzData.xls 1 ) ; 

4 % If the dataset has missing values, 

5 - returns(any(isnan[returns), 2 ),:) = []; 

6 %we calculate the historical mean, covariance, and standard deviation 

7 - ExpReturns = mean(returns); 

3 - M_Cov = cov(returns); 

9 - StdDev = std(returns); 

10 - SimulatedPortfolios=lG; 

11 - [PortRisk, PortReturn, PortWts] = portopt[ExpReturns,M_Cov,SimulatedPortfolios); 

12 - names = { 1 T1 1 1 T2 1 1 T3 1 }; 

13 - 

14 


portfolioexamples_plot[ 1 Efficient Frontier 1 , {'line 1 , PortRisk, PortReturn}, ... 
{ 1 scatter 1 ,StdDev , ExpReturns, names, 'r'}); 


And we get: 





1 *J Figure 1 



BHE3I 

File Edit View Insert Tools DeskJtop Window Help 




* | ^ ^ ® « a - 

1=1 

■5iS 

□ El 

□ 0 


Efficient Frontier 


d 



Now we add one more constraint: 
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E, 
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1 


%%Global Minimum Variance Markowitz Model (short sales 

not Allowed) 

2 


clear all;close all;clc 



3 


returns = xlsread(' E:\MarkowitzData.xls ') ; 



4 


%If the dataset has missing values. 



5 


returns(any(isnan(returns),2),:) = []; 



6 


%we calculate the historical mean, covariance. 

and standard deviation 

7 


ExpReturns = mean(returns); 



8 


M Cov = cov(returns); 



9 


StdDev = std(returns); 



10 


SimulatedPortfolios=10; 



11 


[PortRisk, PortReturn, PortWts] = portopt(ExpReturns,M 

Cov,SimulatedPortfolios) ; 

12 


names = { ' Tl' 1 11 T2' 'T3' }; 



13 


portfolioexamples plot(' Efficient Frontier 1 , {' 

line', PortRisk, PortReturn}, ... 

14 


{' scatter ', StdDev , ExpReturns, names, 'r' } 

); 


15 





16 



RisklessPate=0.00l|; % 

(???) 


17 



BorrowPate=NaN; %can't be =0 but can be =NaN .. 

. (???) 


18 



fPiskyPisk, RiskyReturn, RiskyWts, ~,~1... 



19 


= portalloc(PortRisk, PortReturn, PortWts, 

RisklessRate,BorrowRate); 

20 


printmat(RiskyWts,' Optimal Portfolio' , 'weight' , 

' Tl T2 T3' ) 


We get the weights corresponding to the tangent portfolio: 


> 


Command Window I 


Optimal Portfolio 

_ 





Tl 

T2 

T3 


weight 

0.01627 

0.98373 

0 

h 

» 





If we want to plot all the stuffs: 



GS El <a> & B © 


1 %%Global Minimum Variance Markowitz Model (short sales not Allowed) 

2 clear all;close all;clc 

3 returns = xlsread( 1 E:\MarkowitzData.xIs 1 ); 

4 %If the dataset has missing values, 

5 returns(any(isnan(returns) ,2),: ) = [] ; 

6 %we calculate the historical mean, covariance, and standard deviation 

7 ExpReturns = mean(returns); 

8 M_Cov = cov(returns); 

9 StdDev = std(returns); 

10 SimulatedPortfolios=10; 

11 [PortRisk, PortReturn, PortWts] = portopt(ExpReturns,M_Cov,SimulatedPortfolios); 

12 names = { 1 Tl 1 1 T2 1 1 T3 1 } ; 

13 portfolioexamples_plot( 1 Efficient Frontier 1 , {'line 1 , PortRisk, PortReturn}, ... 

14 { 1 scatter 1 ,StdDev , ExpReturns, names, 'r'}); 

15 

16 RisklessRate=Q. 001|; %can't be null or even NaW (???) 

17 BorrowRate=NaN; %can't be =0 but can be =NaN ... (???) 

18 [RiskyRisk, RiskyReturn, RiskyWts, ™,™]... 

19 = portalloc(PortRisk, PortReturn, PortWts, RisklessRate,BorrowRate); 

20 printmat(RiskyWts, 1 Optimal Portfolio , 1 weight 1 , 1 Tl T2 T3 1 ) 

21 
22 

23 

24 

25 


elf; %clear figure 

portfolioexamples_plot( 1 Efficient Frontier 1 , ... 
{'line 1 , PortRisk, PortReturn}, ... 

{ 'scatter 1 ,RiskyRisk,RiskyReturn}, ... 

{' scatter 1 ,StdDev , ExpReturns, names, 'r' }); 
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Therefore we get: 
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Optimal portfolio with implicit constraints no short sales 
allowed (with transaction costs) 

Now let us see how we can take into account transaction costs: 


EDITOR 

PUBLISH 

VIEW 


SB loJ 

B © 



1 - clear all;close all;clc 

2 - ra=[-0.15,0.05,-0.43,0.79,0.32] ; 

3 - rb=[0.29,0.18,0.24,0.25,0.17]; 

4 - rc=[0.38,0.63,0.46,0.36,-0.57]; 

5 - PfM= [0.45,0.61,0.54,0.29,0.12] ;Rf=regmat (0, 1, length (PfHJ ) ; 

6 - data=[ra 1 , rb 1 ,rc 1 ]; 

7 

8 - muMarket=mean(PfM); ^market index expected return 

9 - sigmaMarket=std(PfM); ^market index risk 

10 - rf=mean(Rf); %get risk free mean 

11 - rfsigma=std(Rf); %get risk free sigma 

12 - muAsset=mean(data); ^expected return for remaining asset 

13 - covAsset=cov(data); ^covariance 

14 ^create portfolio 

15 - port=Portfolio( 1 AssetList 1 ,{ 1 T1 1 , 1 T2 1 , 1 T3 1 }, 1 RiskFreeRate 1 ,rf); 

16 

17 Work without Transactions Costs 

18 - port=port.setAssetMoments(muAsset, covAsset); 

19 - port=port.setDefaultConstraints; Wo short sales! 

20 

21 Work with Transactions Costs 

22 %if you put zero you will found the same frontier as before 

23 - BuyCost = 0.1; SellCost = 0.3|; 

24- g = port.setCosts(BuyCost, SellCost); 

25 - qugt = q.estimateFrontier(30); 

26 - [qrsk, qret] = q.estimatePortHoments(qwgt); 

% Plot efficient frontiers with gross and net returns 
portfolioexamples_plot( 1 Efficient Frontier with Transaction Costs' 
{'line 1 , qrsk, qret},... 

{'scatter', sqrt(diag(port.AssetCovar)), port.AssetHean, ... 
port.AssetList, '.r'}); 

r 
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Get portfolios on the efficient frontier with explicit 
constraints (without transaction costs) 


EDITOR PUBLISH 

VIEW 

HI M & © 



1 ^Obtaining Efficient Portfolios for Target Returns 

2 clear all;close all;clc 

3 returns = xlsread( 1 E:\MarkowitzData.xls 1 ); 

4 %If the dataset has missing values, 

5 returns(any(isnan(returns) ,2),: ) = [] ; 

6 ^Calculate Markowitz Inputs 

7 ExpReturns = mean(returns); 

3 m_C ov = cov(returns); 

9 %for optimization of Global Minimum Variance Portfolio 

10 NumPortf=4; 

11 PortReturn = [] ; %must be empty! ! 

12 AssetBounds = [-1 -1 -1; 111]; 

13 [PortRisk, PortReturn, PortWts]=frontcon(ExpReturns,m_Cov, NumPortf, ... 

14 PortReturn,AssetBounds) 
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Command Window 


PoutRisk = 

0.0463 

0.2631 

0.5200 

0.7782 


PoutRetuun = 

0.2225 

0.2690 

0.3155 

0.3620 


PoutWts = 


0.0258 
-0.3161 
-0.6581 
- 1.0000 


1.0000 

1.0000 

1.0000 

1.0000 


-0.0258 
0.3161 
0.6581 
1.0000 


Jx » 
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Equally weighted portfolio (EWP) (without transaction costs) 


EDITOR PUBLISH VIEW 


1 - clear all;close all;clc 

2 - ra=[-0.15,0.05,-0.43,0.79,0.32]; 

3 - rb=[0.29,0.18,0.24,0.25,0.17]; 

4 - rc=[0.38,0.63,0.4 6,0.3 6,-0.57] ; 

5 - PfM=[0.45,0.61,0.54,0.29,0.12] ; 

6 - Pf=repmat (0, 1, length (PfM) ) ;| 

7 - data=[ra 1 rb' rc 1 ]; 

8 

9 - muMarket=mean(PfM) ; ^market index expected return 

10 - sigmaMarket=std(PfM); ^market index risk 

11 - rf=mean(Pf); %get risk free mean 

12 - rfsigma=std(Rf); %get risk free sigma 

13 - muAsset=mean(data); ^expected return for remaining asset 

14- covAsset=cov(data); ^covariance 

15 ^create portfolio 

16 - port=Portfolio( 1 AssetList 1 ,{ 1 T1 1 , 1 T2 1 , 1 T3 1 }, 1 PiskFreePate 1 ,rf); 

17 - port=port.setAssetHoments(muAsset, covAsset); 

18 ^compute the mean and std of equal-weight portfolio returns 

19 - port = port.setInitPort(1/port.NumAssets); 

20 - [sigmaEwp, muEwp] = port.estimatePortHoments(port.InitPort) 

21 

22 %plot efficient frontier with also Ewp 

23 - port = port.setDefaultConstraints; %long only! 

24- pugt = port.estimateFrontier(30); 

25 - [muportfolio, sigmaportfolio] = port.estimatePortMoments(pwgt) ; 

26 %plot efficient frontier 

27 - portfolioexamples_plot( 1 Efficient Frontier 1 , ... 

28 {'line 1 , muportfolio, sigmaportfolio}, ... 

29 {'scatter 1 , [sigmaMarket,rfsigma,sigmaEwp],[muMarket,rf,muEwp], ... 

30 { 'Market' , 'rf' , 'Eup' }}, { 'scatter' , sqrt(diag(port.AssetCovar)), ... 

31 port.AssetMean, port.AssetList, '.r' >); 
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Command Window 


sigmaEwp = 

0.1889 

muEwp = 

0.1980 

h » I 



Figure 1 
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Efficient Frontier 
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Maximum Sharpe Ratio (max. diversification) portfolio with 
implicit constraints (without transaction costs) 



1 

— 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 


3 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 


15 

- 

16 


17 


13 

- 

19 

- 

20 


21 


22 

- 

23 

- 

24 


25 

- 

26 


27 


23 



clear all;close all;clc 
ra=[-0.15,0.05,-0.43,0.79,0.32] ; 
rto=[0.29,0.18,0.24,0.25,0.17] ; 
rc=[0.38,0.63,0.46,0.36,-0.57]; 

PfM=[0.45,0.61,0.54,0.29,0.12];Rf=repmat(0,1,length(PfM)); 
data=[ra 1 , rb 1 ,r c 1 ]; 

muMarket=mean(PfM); ^market index expected return 
sigmaMarket=std(PfM) ; ^market index risk 
rf=mean(Rf); %get risk free mean 
rfsigma=std(Rf); %get risk free sigma 

muAsset=mean(data); ^expected return for remaining asset 
covAsset=cov(data); ^covariance 
^create portfolio 

port=Portfolio( 1 AssetList 1 ,{ 1 T1 1 , 1 T2 1 , 1 T3 1 }, 1 RiskFreeRate 1 ,rf); 

%work without Transactions Costs 

port=port.setAssetMoments(muAsset, covAsset); 

port=port.setDefaultConstraints; %no short sales! 

%Maximise Sharpe Ratio 

swgt = port.estimateMaxSharpeRatio; 

[srsk, sret] = port.estimatePortMoments(swgt) 

% Plot efficient frontier with portfolio that attains maximum Sharpe ratio 
portfolioexamples_plot( 1 Efficient Frontier with Maximum Sharpe Ratio Portfolio 1 , ... 
{ 1 scatter 1 , srsk, sret, { 1 Sharpe 1 }}, ... 

{ 1 scatter 1 , sqrt(diag(port.AssetCovar)), ... 
port.AssetMean, port.AssetList, '.r'}); 

^> v 
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Command Window 


srsk = 


0.0483 


sret = 


0.2233 


ToDo: Get the weights 
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Optimal portfolios for target returns and CVaR minimization 
(without transaction costs) 


EDITOR 

PUBLISH 

VIEW 



^ y ~ ^ g 0 


1 ^Obtaining Efficient Portfolios for Target Returns 

2 %and CVaR minimisation 

3 - clear all;close all;clc 

4- returns = xlsread( 1 E: \ MarkowitzData.xls 1 ) ; 

5 hit the dataset has missing values, 

6 - returns(any(isnan(returns), 2 ),: ) = [] ; 

7 ^Calculate Markowitz Inputs 

8 - ExpReturns = mean(returns); 

9 - m_Cov = cov(returns); 

10 

11 - AssetScenarios = mvnrnd(ExpReturns,m_Cov,100000); 

12 - portfolio = PortfolioCVaR; 

13 - portfolio = portfolio.setScenarios(AssetScenarios); 

14 % keep the default constraints with nonnegative weights 

15 - portfolio = portfolio.setDefaultConstraints; 

16 - portfolio = portfolio.setProbabi1ityLeve1(0.95); 

17 - targetReturns = [0.2225, 0.05]; 

18 - wgt = portfolio.estimateFrontierByReturn(targetReturns); 

19 - printmat(wgt, 1 Efficient Portfolios for Target Returns 1 ,... 

20 1 T1 T2 T3 1 ,num2str(targetReturns)) 



Command Window 



Warning: One or more target return values are outside the feasible range [ 0.223988, 
0.250916 ]. 

Will return portfolios associated with endpoints of the range for these values. 

> In PortfolioCVaR.estimateFrontierByReturn at 94 


Efficient Portfolios for Target Returns = 



0.2225 

0.05 

T1 

0.01846 

0.01846 

T2 

0.98154 

0.93154 

T3 

7.5432 4e-2 2 

7.5432 4e-2 2 
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Optimal portfolios for target risks and CVaR minimization 
(without transaction costs) 


mi m 


m 


A 


& - B © 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


^Obtaining Markwoitz Efficient Portfolios for Target Risks 
%by minimizing CVaR 
clear all;close all;clc; 

returns = xlsread( 1 E: \ MarkowitzData.xIs 1 ) ; 

%If the dataset has missing values, 
returns(any(isnan(returns) ,2),: ) = [] ; 

^Calculate Markowitz Inputs 
ExpReturns = mean(returns); 
m_Cov = cov(returns); 

AssetScenarios = mvnrnd(ExpReturns, m_Cov, 1000); 
portfolio = PortfolioCVaR; 

portfolio = portfolio.setScenarios(AssetScenarios); 

% keep the default constraints with nonnegative weights 
portfolio = portfolio.setDefaultConstraints; 
portfolio = portfolio.setProbabilityLevel(0.95); 
targetRisk = [0.00, 0.04]; 

wgt = portfolio.estimateFrontierByRisk(targetRisk); 

printmat_[wgt, 1 Efficient Portfolios for Target Risk 1 ,... 

1 T1 T2 T3 1 ,num2str(targetRisk)) 




Command Window 


Efficient Portfolios for Target Risk 



0 

0.04 

T1 

6.31089e-3 0 

0 

T2 

0.81921 

0.77180 

T3 

0.18079 

0.22820 
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Value at risk (VaR) 

Normal univariate absolute VaR 


MATLAB Command Window 

mism 

» portUalue=1000;portReturn=B.15;portStDeu=0.1; 

» alpha=0.01; 

» UaR = -portUalue*(portReturn+norminu(alpha,0,1)*portStDeo) 

i 

UaR = 


82.6348 


» norminu(alpha,0,1) 


ans = 


-2.3263 


» | 

Lj 

A 


Using MATLAB integrated portvrisk( ) function we get: 
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Conditional (absolute) Normal VaR 

We need the symbolic Toolbox for this first example: 

Soit une VaR suivant une loi Normale qui a ete centree reduite. L'esperance conditionnelle de 
perte au-dela de 99% (done au seuil de a = 1%) est alors donnee par: 



Historical (absolute and relative) Jnon-parametric VaR 



1 ^simple historic VaR 

2 clear all;clc; 

3 returns=[0.01 0.03 -0.02 0.05 0.04 -0.01 0.02;... 

4 -0.01 0.04 0.03 0.06 0.01 -0.03 0.07;... 

5 0.02 -0.03 -0.01 0.02 0.04 -0.05 0.03]■; 

6 InitialValue=10000; 

7 alpha = 0.05; 

3 mu=mean(returns) ; 

9 siqma=std (returns) ; 

10 ^absolute hVaR for only one quantile 

11 hVaR =quantile(returns,alpha); 

12 hVaR 

13 ^relative hVaR for only one quantile 

14 RhValueAtRisk = hVaR*InitialValue 
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Command Window I 

>> returns 



returns = 



0.0100 

-0.0100 

0.0200 

0.0300 

0.0400 

-0.0300 

-0.0200 

0.0300 

-0.0100 

0.0500 

0.0600 

0.0200 

0.0400 

0.0100 

0.0400 

-0.0100 

-0.0300 

-0.0500 

0.0200 

0.0700 

0.0300 

hVaR = 



-0.0200 

-0.0300 

-0.0500 

RhValueAtRisk 

= 


-200 -300 

-500 



Monte Carlo relative Multi 




il VaR 


IS 


1 <a> 


© a - 2 


1 NumSim=100000; % number of simulation 

2 returns=[0.01 0.03 -0.02 0.05 0.04 -0.01 0.02;... 

3 -0.01 0.04 0.03 0.06 0.01 -0.03 0.07;... 

4 0.02 -0.03 -0.01 0.02 0.04 -0.05 0.03]'; 

5 mu=mean(returns); ^expected return 

6 Sigma=cov(returns); %covariance matrix 

7 newReturns=mvnrnd(mu,Sigma,NumSim); ^simulated returns 

8 w=[0.5 0.3 0.2] 1 11 ; %weigth for each assets in the portfolio 

9 Price=[1500 2000 1200]'; ^initial price of assets 

10 PortValue=Price 1 % initial value of portfolio 

11 %one period forecast thus we use continuous rates 

12 PriceSim=repmat(Price,1,NumSim) 1 .*exp(neuPeturns); ^simulated Price 

13 PortSim=PriceSim*u; ^simulated Portfolio 

14 q=sort(PortSim-PortValue) ; ^simulated profit and loss in ascending order (loss first) 

15 alpha=[0.01 0.05 0.1]; 

16 PortfolioVaR=-q(NumSim*alpha) ^tradition to communicate the loss as positive values 
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Command Window 


PortfolioVaR = 

64.3567 
37.6078 
23.0882 

h » I 
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Options Stocks/Futures Pricing & Monitoring 

Crazy thing... MATLAB seems to have function only to price European options...!!! 

Pricing European Call & Put paying or not dividends (Black & 
Scholes-Merton Model) 


► MATLAB Command Window 


» So=1O0;X=1O0;r=0.03;diuVield=0;Sigma=2-194056;Maturity=0.5; 
» [Call f Put]=blsprice(X,So f r,Maturity,Sigma,diuYield) 

Call = 

56.5364 


Put = 

55.0476 


U 


Or another very useful point of view: 



in|x| 


ifl 


IS 


^ <3? B © a - 2 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 


30=30:1:70; 

K=50; 
r = 0.08; 
sigma=0.4; 
cc=hsv(12); 

E for T=2:-0.25:0 

plot (S0,blsprice (SO^K^r^T, sigma) , 1 color 1 f cc (round (TM + 1) , :) ) ; 
hold on; 

L end 

axis ( [30 70 -5 35] ) ; 
grid on; 


That gives: 
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Pricing Future Call (Black's Model) 


MATLAB Command Window 


» S=1O0;K=120;r=O.05;T=0.5;sigma=0.2; 

» exp(-r*T)*blsprice(S f K*exp(r*T),r,T,sigma) 

ans = 

0.7026 

» blspricefS f K f r f T„sigma,r) 
ans = 

0.7026 

» blkpricefS,K,r,T,sigma) 
ans = 

0.7026 


u 


□HE 




ij 


Greeks on European Call & Put paying or not dividends 

European Option (call/put) Delta 


MATLAB Command Window 




» So=1O0;X=10O;r=O.03;diuVield=0;Signa=2.194056;Maturity=0.5; 

» [CallDelta, PutDelta] = blsdeltafK,So,r,Maturity,Sigma,diuYield) 

CallDelta = 

0.7839 

PutDelta = 

-0.2161 


l_J 


26, 
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European Option (call/put) Gamma 


1 MATLAB Command Window 


» So=1O0;X=100;r=0.03;diuYield=0;Sigma=2.194056;Maturity=0.5 ; 

» Gamma = blsgamma(X f So f r.Maturity,Sigma,diuVield) 

Gamma = 

0.0019 

E 

» 

4 1 II 


European Option (call/put) Vega 


| MATLAB Command Window 

□5F1 

» So=1O0;X=100;r=0.03;diuYield=0;Sigma=2.194056 ; Maturity=0.5 ; 

» Gamma = blsuega(X f So,r f Maturity,Sigma,diuVield) 

Gamma = 

20.7230 

»l 

A 

i\ 


l—l 

European Option (call/put) Lambda 


MATLAB Command Window 

m 

» So=100;K=100;r=0.03;diuVield=0;Sigma=2.194056 ; Maturity=0.5 ; 

» Gamma = blsLambda(X,So f r.Maturity,Sigma,diuVield) 

Gamma = 

1 .3865 

»i 

j 

it 

■ Jj 

L—l 
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European Option (call/put) theta 



I* ' l|JATLAB Command Window 

1 

- nixi 

» So=10O;X=100 ;i*= 0.03 ;diuVield=0;Signa=2.194056;Maturity=0.5; 

» Ganna = blstheta(K,So,r,Maturity,Sigma,diuVield) 

Gamma = 

-46.1230 



»l 

<j 



U—1 

European Option (call/put) Rho 



| *■'} MATLAB Command Window 

1 

- | □ | x | 

» So=1O0;N=100 ; r=0.03;diuVield=0;Sigma=2.194056;Maturity=0.5; 

» Gamma = blsrho(M,So,r,Maturity,Signa,diuVield) 

Gamma = 

10.9261 


"Tp 

»l 



jj 

L—1 

Options trading strategies (payoff diagrams) 



| Vl MATLAB Command Window 



» E1=30;E2=35 ; 

» S=linspace(2B,4B,108) ; 

» B=max(S-E1,0)-max(S-E2,0) ; 

» plot(S ,B) ; 

» ylin([-S p 10]); 

» xlabel('S' ); 

» ylabel('B:Profit' ); 

» title( " Bull Spread Payoff); 

» jgrid on; 

M 


<1 

jJj 


1—l 
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Implied volatility surface of an European option 

First a one point value estimate: 



Now a more general way: 
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1 - clear all;clGse all;clc 

2 - So=100;X=100;r=0.05;Sigma=0.3;TradingPrice=10; 

3 - Maturity=linspace(0,1,100); 

4- Strike=linspace(95,105,100); 

5 - [maturity, strike]=meshgrid(Maturity,Strike); 

6 - volatility=blsimpv(100,strike,r,maturity,TradingPrice,4,0,[],{ 1 Call 1 }); 

7 - surf(maturity,strike,volatility); 

8 - xlabel ( 1 Matur ity 1 ); ylahel ( 1 Str ike 1 ); zlatiel ( 1 Volatility 1 ) ; 

9 - colorbar; 

10 - box on; 

11 - shading interp; 

12 - axis tight; 

13 - title( 1 Implied volatility 1 ); 
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Volatility smile of an European option 


\M 


91 ^ - 


© 


1 

- 

2 

- 

3 


4 


5 


6 


7 

- 

3 


9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 

- 


clear all;clc; 

optiGnData=xlsread { 1 OptionData. xls 1 ) ; 

% OptionData :::: 

% the first row represents maturity 

% the first column, strike prices beginning from 2nd row 

% the rest are option prices 

optionData 

% Input parameter 

So=570; 

div=0. 

r=0.01; 

PutorCall= 1 Call 1 ; 

vec_X=optionData(2:end,1);% get strikes vector 
vec_T=optionData(1,2:end); % get maturnity vector 
priceMatrix=optionData[2:end,2:end); 

Volatility Smile And Surface(PutorCall,So,div,r,vec X,vec T,priceMatrix) 


1*1 


Microsoft Excel - OptionData.xls 


^ ] Fichier Edition Affichage Insertion Format Outils Donnees Fenetre 

id id CS I ^ I S£i I 

Arial 


C 20 


4 £ - t 

- 10 -r G l 


f* 


A 


B 


0.00 

660.00 

640.00 

620.00 

600.00 

580.00 

560.00 

540.00 


0.04 


0.13 


0.20 


0.45 


0.80 


0.45 

1.86 

3.60 

10.50 

20.90 

1.00 

3.30 

5.70 

14.50 

27.90 

2.15 

5.93 

8.90 

20.20 

34.86 

5.30 

10.75 

14.30 

26.81 

42.80 

11.50 

17.30 

23.00 

36.80 

48.73 

21.30 

23.10 

32.80 

46.50 

60.40 

36.60 

43.10 

45.90 

59.50 

73.00 


Command Window 


optionData = 


0 

0.04 

0.13 

0.20 

0.45 

0.30 

660.00 

0.45 

1.36 

3.60 

10.50 

20.90 

640.00 

1.00 

3.30 

5.70 

14.50 

27.90 

620.00 

2 . 15 

5.93 

3.90 

20.20 

34.36 

600.00 

5.30 

10.75 

14.30 

26.31 

42.30 

530.00 

11.50 

17.30 

23.00 

3 6.30 

43.73 

560.00 

21.30 

23.10 

32.30 

46.50 

60.40 

540.00 

36.60 

43.10 

45.90 

59.50 

73.00 
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1 


2 

- 

3 

- 

4 


5 

- 

6 


7 

- 

3 

- 

9 

- 

10 

- 

11 


12 


13 

- 

14 


15 


16 

- 

17 

- 

18 


19 


20 

- 

21 

- 

22 


23 

- 


24 

25 

_ 

26 

- 

27 

- 

28 

- 

29 

- 

30 

31 

_ 

32 

- 

33 

34 

35 


36 

- 

37 

- 

38 

- 

39 

40 

_ 

41 

- 

42 

- 


function Volatility_Smile_And_Surface(PutOrCall,SO,div,r,vec_X,vec_T,priceMatrix) 
NumX = length (vec_X) ; 

NumM = size (vec_T, 2 ) ; 
for i = l:NumM 

T = vec_T(l,i); 

% Loop for the different strike prices 
for iStrike = l:NumX 

price = priceMatrix(iStrike,i); 

X = vec X(iStrike); 


- a 


try 

% Calculation of the implied volatility 
%ImpliedVolatility(PutOrCall,SO,X,r,T,div,Optionprice) 
implVolM(iStrike,i) = ImpliedVolatility(PutOrCall,SO,X,r,T,div,price) 
% Add nan to the value matrix if the function was not able to 
% solve for the implied volatility, 
catch MExc 

implVolH(iStrike,i) = nan; 

end 


end 


end 


% Compute vector for moneyness 
vec moneyness = log(SO./vec X); 


% Plot volatility smile 
figure(1); 

plot(vec_X, implVolM(:,1), 1 r- 1 , 1 LineWidth 1 , 2) ; 
hold on; 

plot(vec_X, implVolM(:,NumM) , 1 b- 1 , 1 LineWidth 1 ,2) ; 
title( 1 Volatility Smile 1 );xlabel( 1 Strike 1 );ylabel( 1 Volatility 1 ); 

% Set the range of axis: [x_min x_max y_min y_max] 

axis([min(vec_X)-10 max(vec_X)+10 min(min(implVolM))-0.1 max(max(implVolM))+0.1]); 
legend( 1 Implied Volatility for short Maturity 1 ,... 

1 Implied Volatility for long Maturity 1 , 1 location 1 , 'Northwest' ); 

% Plot volatility surface 
figure(2); 

surf(vec_moneyness,vec_T,implVolM'); 
title( 1 Volatility Surface 1 ); 

xlabel (' Moneyness '); ylabel (' Maturity (in years)'); zlabel (' Volatility ') ; 

% Set the y-axis to evolve backwards 
set(gca, 1 YDir 1 , 1 reverse' ) ; 
colorbar;shading interp; 


end 
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1 

2 

3 

4 

5 

6 
7 
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^function [ IV ] = ImpliedVolatility (PutOrCall, SO,X,r,T,div, Optionprice ) 
options = optimset( 1 fzero 1 ); 

%TolX, le-7: tolerance level 
options = optimset(options, 'TolX 1 , le-7); 

func = @(sigma)difftols2price(PutOrCall,SO,X,r,sigma,T,div.Optionprice); 
% [0.001 5] interval for volatility. To change if necessary! 

IV = fzero(func,[0.001 5],options); 

end 


EDITOR PUBLISH 




VIEW 


1 


2 


3 


4 

- 

5 

- 

6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

— 


function [value] = difftols2price(PutOrCall,B0,X,r,sigma,T,div,Optionprice) 
R ^computes the difference between the function 

^BlackScholes option value and the given option price. 

[call, put] = tolsprice (SO,X, r, T, sigma,div); 
switch PutOrCall 
case 1 Call 1 

value = call - Optionprice; 
case 1 Put 1 

value = put - Optionprice; 
otherwise 

error( 1 Check option type! 1 ) ; 

end 

end 


Command Window 


implVolH = 


0.33 

0.27 

0.26 

0.24 

0.24 

0.36 

0.27 

0.25 

0.24 

0.25 

0.34 

0.26 

0.25 

0.25 

0.26 

0.34 

0.27 

0.25 

0.25 

0.26 

0.35 

0.26 

0.27 

0.26 

0.25 

0.35 

0.23 

0.27 

0.27 

0.26 

0.40 

0.31 

0.23 

0.23 

0.23 
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CRR binomial European option pricing model 

The last argument "1" means we want the price for a Call. Otherwise if we want the same for 
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MATLAB Command Window 




WJalH 

|» [Price, 0ption]=binprice(100, 

100,0.05,1 

,1/4,Sigma,1) 

1 

Price = 

100.0000 

116.1834 

134.9859 

156.8312 

182.2119 


e 

86.0708 

100.0000 

116.1834 

134.9859 


e 

0 

74.0818 

86.0708 

100.0000 


e 

0 

0 

63.7628 

74.0818 


e 

0 

0 

0 

54.8812 


Option = 

13.5240 

22.9039 

37.4549 

58.0734 

82.2119 


0 

4.3230 

8.6793 

17.4256 

34.9859 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 


0 

»l 

<1 

0 

0 

0 

0 

. . . . .iJ 
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Time series 

We will here focus only on ARIMA techniques! 

Runs test (Wald-Wolfowitz) 

Here the purpose is to do a typical test of randomness of Wald-Wolfowitz using the same 
values as in the theoretical course after we proved the method of the test: 


* 1 MATLAB Command Window 


» sequence=[O,O,0,1,1,0,1,0,0,1,1,0,1,0, 0 , 0 ,1,1,0,1, 0 , 0 ,1,0,1,1,0, 0 , 0 , 0 ,_ 

1 , 1 , 0 , 0 , 1 , 1 , 1 , 1 , 0 , 0 , 1 , 0 , 1 , 0 , 0 , 0 , 1 , 1 , 0 , 1 , 0 , 0 , 0 , 1 , 1 , 1 , 0 , 1 , 1 , 0 , 0 , 1 , 1 , 1 , 0 , 0 , 0 , 0 , 1 , 0 ]; 

» [h,p, stats]=runstest(sequence) 


|n|x| 

”3 


0.8543 


stats = 


nruns: 37 
nl: 32 
n0: 38 
z: 0-1837 


A 


If we don't get the same p-value as in the theoretical course, this is because of the continuity 
correction term in the Normal approximation of MATLAB: 


runstest.m* x 


188 

- 

189 

- 

190 

- 

191 

- 

192 

- 

193 

- 

194 

- 

195 

- 

196 

- 

197 

- 

198 

- 

199 

- 




contcorr = -0.5 * sign(nruns-meanR); % con 

elseif tail<0 

contcorr = 0.5; 

else 

contcorr = -0.5; 

end 

if stdR>0 

z = (nruns +[contcoriJ- meanR) / stdR; 


else 


z = Inf * sign(nruns + contcorr - meanR); 


end 


end 


We can the MATLAB script as following: 
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runstest.m x 


172 - 

nruns = 

1 + sum(x(1:end-1) ~ = x(2:end)) 

173 




174 

% Normal statistic for asymptotic test 

175 - 

if N==1 



176 - 

z = 

NaN; 


177 - 

else 



178 - 

if updoun 


179 - 


me anR = 

(2 *N-1)/3; | 

180 - 


stdR = 

sqrt((16 *N-2 9)/90); 

181 - 

else 


182 - 


meanR = 

1 + 2*nl*nO/N; 

183 - 


:=: r. r3 P = 

sqrt(2 *nl*nO*(2*nl*nO-N) 

184 - 


me anR 

185 - 


stdR A 2 


1 Rfi - 

!=■ T"l l”l 




So we can see we get the same mean and variance as calculated by hand in the theoretical 
course: 


» [h,p,stats]=runstest(sequence) 
vneanR = 

35.7429 



MATLAB Command Window 


HE 


ans 


16.9902 


0.8543 


stats 


nruns: 37 
nl: 32 
n0: 38 
z: 0.1837 


Uj 


J 
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Autocorrelation 


We will use the same data set as in the theoretical course: 


Pt Autocorrelation.csv - Bloc-notes 


Fichier Edition Format Affichage 




We load the data as normally 


MATLAB Command Window 







» mydata=dataset( 1 File 1 , 1 E:\Autocorrelation.csu 1 , 1 Delimiter 
» mydata 

mydata = 

Sales 

144 
151 
134 
151 

145 
145 
141 
166 
151 
164 
151 
176 
170 
180 
156 
187 
166 
182 
154 
169 




J 
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Now we use the function autocorr(): 


MATLAB Command Window 


» autocorr(mydata.Sales) 


mmm 




Figure 1 

HSHI 

File Edit View Insert 

Tools Desktop Window Help 


D a d & 1 


% *5 8 « & - 

S | □ EH | ■ 0 


Sample Autocorrelation Function 



Lag 


But with the values this is much better: 




ll 


C, 


MATLAB Command Window 

HlmlHl 

» ACF=autocorr(mydata.Sales) 

i 

flCF = 


1.0000 


0.2696 


0.7123 


0.1430 


0.5632 


-0.0273 


0.1996 


-0.2934 


0.05 04 


-0.3582 


-0.1613 


-0.4393 


-0.1747 


-0.3478 


-0.1424 


-0.2710 


-0.0567 


-0.1301 


-0.0005 


-0.0352 


» 



d 

J 

iT/a 


And as we can see the values are almost perfectly matching. 
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Partial autocorrelation 

We still stay with the same data set as in the theoretical course. If you remember doing the 
calculations by hand was very very boring. So first we have: 



We load the dataset: 


MATLAB Command Window 


» mydata=dataset ( 1 File 1 , 1 E:\Partialflutocorrelation.csu 1 f 1 Delimiter 1 , 1 
» mydata 

mydata = 

Sales 

1 
1 

4 
1 
2 

5 
2 
1 
4 
1 
1 

10 
1 
1 

3 
1 
1 

4 
1 
2 

5 


); 


LlJ 


A 
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And we get: 
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bH 




MATLAB Command Window 


» PACF=parcorr(mydata.Sales) 

PflCF = 

1.0000 
-0-3416 
-0-5O13 
0.3626 
-0.2847 
-0.3455 
0.2607 
-0.1991 
-0.3180 
-0.0912 
-0.3258 
-0.5918 
0.8337 
-0.1867 
-0.1541 
-0.0230 
-0.0948 
-0.0824 
0.1373 
0.2459 
-0.2148 


UJ 


Moving average MM3 (without ARIMA) 
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MATLAB Command Window 




» mydata=dataset('File' 
» mydata 

,'E:\MooingAoerage.cso','Delimiter',';'); 

H 

nydata = 

Month 

Period 

Sales 


'January' 

1 

200 


' February' 

2 

135 


'March' 

3 

195 


' April' 

4 

197 


■May' 

5 

310 


'June' 

6 

175 


'July' 

7 

155 


'August' 

8 

130 


'September" 

9 

220 


'October" 

10 

277 


'November' 

11 

235 


» 

JLl 



A 



EDITOR 

PUBLISH 

VIEW 

is 

M il 

. B@ 



1 clear all;close all;clc| 

2 mydata=dataset( 1 File 1 , 1 E:\MovingAverage.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

3 tsmovavg(mydata.Sales, 1 s 1 ,3,1) 



NaN 

176.6667 

175.6667 
234.0000 

227.3333 

213.3333 

153.3333 

168.3333 
209.0000 
244.0000 

h » I 
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1 clear all;close all;clc 

2 mydata=dataset( 1 File 1 , 1 E:\MovingAverage.csv 1 , 1 Delimiter 1 , 1 ; 1 ); 

3 tsmovavg(mydata.Sales, 1 s 1 ,3,1) 

4 plot(mydata.Period,mydata.Sales, 1 b 1 ); 

5 hold on; 

6 plot(mydata.Period,tsmovavg(mydata.Sales, 1 s 1 ,3,1), 1 r 1 ); 

7 xlatoel ( 1 Period 1 ) ;(ylahiel ( 1 Sales' ) ; 

8 legend( 1 Original 1 , 1 MM3 1 ) ; 



Simple Exponential Weighted Moving Average (EWMA) 



1 clear all;close all;clc 

2 Y=[143 152 161 139 137 174 142 141 162 ISO 164 171 206 193 207 2 IS 229 225 204 227 223 242 239 266]; 

3 tsmovavg(Y, 1 e 1 ,2) 1 
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Command Window 


ans = 


150 

157 

145 

139 

162 

148 

143 

155 

171 

166 

169 

193 

193 

202 

212 

223 

224 
210 
221 
222 
235 
237 
256 


NaN 
,5000 
,5000 
, 1667 
,7222 
,5741 
,8580 
, 6193 
,8731 
,9577 
, 652 6 
,5509 
,8503 
,2834 
,4278 
,8093 
, 6031 
,5344 
,8448 
, 6149 
,5383 
,5128 
,8376 
, 6125 


h 





EDITOR PUBLISH VIEW 


E 

U 

M ,, m B © 

1 

2 

3 

4 

5 

6 

7 

8 


clear all;close all;clc 

Y= [143 152 161 139 137 174 142 141 162 ISO 164 171 206 193 207 2 18 229 225 204 227 223 242 239 266]; 

tsmovavg(Y, 1 e 1 , 2) 1 

plot(1:length[ Y),Y, 1 b 1 ); 

hold on; 

p lot (1: length (Y) , tsmovavg (Y, 'e\2) , 'u' ) ; 

xlabel ('Period 1 );ylabel( 1 Sales 1 ); 
legenjd ( 1 Original 1 , 1 SES 1 ) ; 
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Univariate AR(2)/ARIMA(2,0,0) 


EDITOR 

PUBLISH 

VIEW 
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i--- 

% ^ E © 



1 clear all;clc 

2 arima(2,0,0) 

3 Y=[144 151 134 151 145 145 141 166 151 164 151 176 170 ISO 156 137 166 132 154 169]; 

4 Mdl=ar ima (2,0,0) ; 

5 E s t Md1=es timat e(Hdl,Y 1 ) 

6 ForecastPeriods=10; 

7 [YF YMSE]=forecast(EstHdl,ForecastPeriods, 1 Y0 1 ,Y 1 ); 

3 

9 plot(Y, 1 Color 1 , [.7, .7, .7] ) ; 

10 hold on 

11 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF, 1 b 1 , 1 LineUidth 1 ,2); 

12 plot(length(Y)+1:(length(Y)4-ForecastPer iods),YF + 1.96*sqrt(YMSE), 1 r: 1 , 1 LineUidth 1 ,2); 

13 plot(length(Y)+1:(length(Y)4-ForecastPer iods),YF - 1.96*sqrt(YMSE), 1 r: 1 , 1 LineUidth 1 ,2); 

14 legend( 1 Observed 1 , 1 Forecast 1 , 1 95% Confidence Interval 1 , 1 Location 1 , 1 NorthUest 1 ); 

15 title( 1 30-Period Forecasts and Approximate 95% Confidence Intervals 1 );] 

16 

17 %this part is to obtain values for backtesting 

18 residuals=infer(EstHdl,Y 1 ); 

19 BackTesting=Y'-residuals 


Command Window 



© 


API HA(2,0,0) 

Hodel: 


■ 


Conditional Probability Distribution: Gaussian 




Standard 

t 


Parameter 

Value 

Error 

Statistic 


Constant 

27.8249 

30.3068 

0.918107 



AP{ 1} 

0.0680209 

0.16081 

0.422988 



AP{ 2 } 

0.760531 

0.175242 

4.33989 



Variance 

88.0789 

45.2865 

1.94493 


EstHdl = 





APIHA(2,0,0) 

Hodel: 




Distribution: 

: Name = 1 Gaussian 1 



P: 

2 




D: 

0 




G: 

0 




Constant: 

27.8249 




[ar] 

{0.0680209 

0. 760531}| at Lags 

[1 2] 


SAR: 

{ } 




HA: 

{ } 




SHA: 

{ } 




1 Variance: 

88.0789 1 


— 

h 




T 


i | 



_ 

►£ 
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Command Window 


BackTesting=Y'-residuals 

BackTest-ing = 

150.5348 
153.5706 
147.6125 
151.7799 
140.0072 



MATLAB 


1059/1357 





Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Univariate ARIMA(0,0,0)/Moving Average 



1 clear all;clc 

2 arima(2,0,0) 

3 Y=[ 144 151 134 15 1 145 145 141 166 151 164 151 176 170 ISO 156 187 166 182 154 169]; 

4 Hdl ^arima (0,0,0) ,1 

5 EstHdl=estimate(Hdl,Y 1 ) 

6 ForecastPeriods=10; 

7 [YF YMSE ]=forecast(EstHdl,ForecastPeriods, 1 YO 1 ,Y 1 ); 

3 

9 plot(Y, 1 Color 1 , [.7, .7, .7] ) ; 

10 hold on 

11 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF, 1 b 1 , 1 LineUidth 1 ,2); 

12 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF + 1.96*sqrt(YHSE), 1 r: 1 , 1 LineUidth 1 ,2); 

13 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF - 1.96*sqrt(YHSE), 1 r: 1 , 1 LineUidth 1 ,2); 

14 legend( 1 Observed 1 , 1 Forecast 1 , 1 95% Confidence Interval 1 , 1 Location 1 , 1 Northwest 1 ); 

15 title( 1 30-Period Forecasts and Approximate 95% Confidence Intervals'); 

16 

17 %this part is to obtain values for backtesting 

13 residuals=infer(EstHdl,Y 1 ); 

19 BackTesting=Y' -residuals] 
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Command Window 
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Command Window 


BackTesting = 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

159.1499 

>> 

Univariate AI 


EDITOR PUBLISH VIEW 


Eg. m * b ^ * s © 

1 clear all;clc 

2 arima(2,0,0) 

3 Y=[ 144 151 134 1 51 145 145 141 166 151 164 151 176 170 180 156 187 166 182 154 169]; 

4 Md.l= jar ima (0,1,0)| ; 

5 EstMdl=estimate(Mdl,Y 1 11 ) 

6 ForecastPeriods=10; 

7 [YF YHSE]=forecast(EstMdl,ForecastPeriods, 1 Y0 1 , Y 1 ) ; 

8 

9 plot(Y, 1 Color 1 ,[.7, .7, .7] ) ; 

10 hold on 

11 plot(length(Y)+1: (length(Y)iForecastPeriods),YF, 1 b 1 , 1 LineWidth 1 ,2); 

12 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF + 1.96*sqrt(YHSE), 1 r: 1 , 1 LineWidth 1 ,2); 

13 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF - 1.96*sqrt(YHSE), 1 r: 1 , 1 LineWidth 1 ,2); 

14 legend( 1 Observed 1 , 1 Forecast 1 , 1 95% Confidence Interval 1 , 1 Location 1 , 1 Northwest 1 ); 

15 title( 1 30-Period Forecasts and Approximate 95% Confidence Intervals'); 

16 

17 %this part is to obtain values for backtesting 

18 residuals=infer(EstMdl,Y 1 ) ; 

19 BackTesting=Y'-residuals 
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Command Window 
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Command Window 


BackTesting = 

146.1739 
145.0870 
152.0870 
135.0870 
152.0870 
146.0870 
146.0870 
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Univariate ARIMA(0,1,1)/Simple Exponential Smoothing 
(EWMA) 



1 clear all;close all;clc 

2 ar iina (2,0,0) 

3 Y= [144 151 134 151 145 145 141 166 151 164 151 176 170 130 156 137 166 132 154 169]; 

4 Mdl= fcr ima (0, 1, 1)| ; 

5 EstMdl=est innate iMdl, Y 1 ) 

6 ForecastPeriods=10; 

7 [YF YMSE]=forecast(EstHdl,ForecastPeriods, 1 Y0 1 , Y 1 ) ; 

8 

9 plot(Y, 1 Color 1 , [-7, .7, .7] ) ; 

10 hold on 

11 plot(length(Y)+1: (length(Y)+ForecastPeriods),YF, 1 to 1 , 1 LineWidth 1 ,2); 

12 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF + 1.96*sqrt(YMSE), 1 r: 1 , 1 LineWidth 1 ,2); 

13 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF - 1.96*sqrt(YHSE), 1 r: 1 , 1 LineWidth 1 ,2); 

14 legend( 1 Observed 1 , 1 Forecast 1 , 1 95% Confidence Interval 1 , 1 Location 1 , 1 Northwest 1 ); 

15 title( 1 30-Period Forecasts and Approximate 95% Confidence Intervals'); 

16 

17 %this part is to obtain values for backtesting 

13 residuals=infer(EstHdl,Y 1 ); 

19 BackTesting=Y'-residuals 


Command Window 


® 


ARIMA(0,1,1) Model: 


Conditional Probability Distribution: Gaussian 




Standard 

t 

Parameter 

Value 

Error 

Statistic 

Constant 

1.40376 

0.23519 

5.93933 

MA{ 1} 

-1 

0.123317 

-7.79322 

Variance 

113.197 

56.493 

2.00374 


EstHdl = 

ARIMA(0,1,1) Model: 


h » 

<l 


Distribution: Name = 'Gaussian' 


P : 

1 

D: 

1 

0: 

1 

| Constant: 

1.40S7e| 

AR: 

{} 

SAR: 

{} 

MA: 

{-1} at 

SMA: 

f > 

| Variance: 

113.197 | 


•r 
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1*? Figure i (WREJl 

File Edit View Insert 

Tools DeskJtop Window Help 





o a h £ 

* 

K A © ® « /. - 


□ 

m 

□ o 


210 

200 

190 


30-Period Forecasts and Approximate 95% Confidence Intervals 


Observed 
1 Forecast 

95% Confidence Interval 
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Command Window 


BackTesting = 


146.8175 
148.2263 
149.6350 
151.0438 
152.4526 
153.8613 
155.2701 
156.6788 
158.0876 
159.4964 
160.9051 
162.3139 
163.7227 
165.1314 
166.5402 
167.9489 
169.3577 
170.7665 
172.1752 
173.5840 


Univariate ARIMA(0,2,2)/Holt 
smoothing 



exponential 


H S3 


m ^ . 


© 


1 clear all;close all;clc 

2 arima[2,0,0) 

3 Y=[144 151 134 151 145 145 141 166 151 164 151 176 170 180 156 187 166 182 154 169]; 

4 Mdl= |ar ima (0,2,2 )| ; 

5 EstHdl=est imatf; (Mdl, Y' ) 

6 ForecastPeriods=10; 

7 [YF YHSE]=forecast(EstHdl,FouecastPeuiods, 1 11 Y0 1 , Y 1 ) ; 

3 

9 plot(Y, 1 Color 1 , [.7, .7, .7] ) ; 

10 hold on 

11 plot(length(Y)+1: (length[Y)+ForecastPeriods),YF, 1 to 1 , 1 LineWidth 1 ,2); 

12 plot(length(Y)+1:(length(YJ+ForecastPeriods),YF + 1.96*sqrt(YHSE), 1 r : 1 , 1 LineWidth 1 ,2); 

13 plot(length(Y)+1:(length(YJ+ForecastPeriods),YF - 1.96*sqrt(YMSE), 1 r : 1 , 1 LineWidth 1 ,2); 

14 legend( 1 Observed 1 , 1 Forecast 1 , 1 95% Confidence Interval 1 , 1 Location 1 , 1 Northwest 1 ); 

15 title[ 1 30-Period Forecasts and Approximate 95% Confidence Intervals'); 

16 

17 %this part is to obtain values for toacktesting 

18 residuals=infer(EstHdl,Y 1 ); 

19 BackTesting=Y'-residuals 
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Command Window ® 
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Command Window 


BackTesting = 


144, 

151. 

157, 

154. 
15S , 

158. 
157, 

155. 
161, 
160. 
163 , 
160. 

167, 

168. 
173 , 
166. 
173 , 
169. 
172 , 
163 . 


0000 
0000 
52 63 
8566 
7433 
4478 
6348 
0166 
9784 
4468 
7065 
5040 
1419 
7935 
0983 
5606 
2753 
4692 
4512 
6129 


Univariate ARMA(1,1)/ARI 



EDITOR PUBLISH 

VIEW 

EH-!** B © 



1 clear all;close all;clc 

2 arima[2,0,0) 

3 Y=[144 151 134 151 145 145 141 166 151 164 151 176 170 180 156 187 166 182 154 169]; 

4 Mdl=^rima^l i 0 ii 12^ 

5 EstMdl_=est imate (Hdl, Y 1 11 ) 

6 ForecastPer iods=10;| 

7 [YF YH SE ]=forecast(EstMdl,ForecastPeriods, 1 Y0 1 ,Y 1 ); 

8 

9 plot(Y, 1 Color 1 , [.7, .7, .7] ) ; 

10 hold on 

11 plot(length(Y)+1: (length(Y)+ForecastPeriods),YF, 1 to 1 , 1 LineWidth 1 , 2 ) ; 

12 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF + 1.96*sqrt(YMSE), 1 r: 1 , 1 LineWidth 1 ,2); 

13 plot(length(Y)+1:(length(Y)+ForecastPeriods),YF - 1.96*sqrt(YMSE), 1 r: 1 , 1 LineWidth 1 ,2); 

14 legend( 1 Observed 1 , 1 Forecast 1 , 1 95% Confidence Interval 1 , 1 Location 1 , 1 Northwest 1 ) ; 

15 title[ 1 30-Period Forecasts and Approximate 95% Confidence Intervals'); 

16 

17 %this part is to obtain values for backtesting 

13 residuals=infer(EstMdl,Y 1 ); 

19 BackTesting=Y'-residuals 
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Command Window ® 
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Command Window 


BackTesting = 

146.9431 
148.4201 
149.8446 
151.3968 
152.8213 
154.2909 
155.7604 
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E Microsoft Excel - GARCH.xls 


Fichier Edition Affichage Insertion 
Format Gutils Donnees Fenetre ? 


i J i3 d 

Arial 

A1 


_ i? x 

@£v|# £ 

- % 000 € ■- 

- f* 2.2227 



A 

B 

C 3 

1 

2.2227 1 


_ 

_1 

2 

2.2138' 



3 

2.2144 



4 

2.204 


» 

5 

2.2006 


IS 

6 

2.2053 



7 

2.2053 



8 

2.2035 



9 

2.1969 



10 

2.2033 



11 

2.2019 



12 

2.2018 



13 

2.199 



14 

2.1991 



15 

2.1981 



16 

2.1844 



17 

2.1814 


i‘i 

1R 

G 1 77 A 


.zl 




|1 - Y=xlsread(' C:/tmp/GARCH.xls' ); 

2 - spec = garchset (' C ,0,' K' ,0.0001,' GARCH 1 ,0.9, 1 ARCH 1 ,0.05, 'Display' , 1 on 1 ) 

3 O [garchf it (spec, Y') 
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Command Window 



® 

Boundary constraints active: 

standard errors 

may be inaccurate. 

A. 

Mean: ARMAX(0,0,0); Variance: GARCH(1,1) 



Conditional Probability Distribution: Gaussian 


Number of Model Parameters 

Estimated: 4 




Standard 

T 


Parameter Value 

Error 

Statistic 


C 2.0018 

0.00084902 

2357.7961 


K 5.12 99e-05 

7.1504e-0 6 

7.1743 


GARCH(1) 0.079821 

0.05266 

1.5158 


ARCH(1) 0.92018 

0.17954 

5.1251 


Log Likelihood Value: 925. 

077 




Looking at the results it seems that MATLAB use for s t the difference between two 
consecutive return. The result is thus very different from R. 
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1 - Y=xlsread[ 1 C:/tmp/GARCH.xls 1 ); 

2- N=length(Y); 

3 - spec = garchset( 1 C 1 K 1 ,0.0001, 1 GARCH' ,0.9, 1 ARCH 1 ,0.05, 1 Display 1 , 1 on 1 ); 

4 - [coeff,error]=garchfit(spec,Y 1 ) ; 

5 - [eO,sO]=garchinfer(coeff, Y 1 ) ; 

6 “ [sp,yp,ymse] = garchpred(coeff,Y 1 ,1000); 

7 

8 - upper = yp + 1.96*ymse;| 

9 - lower = yp - 1.96*ymse; 

10 

11 - subplot (2 , 1, 1) 

12 - plot(Y, 1 Color 1 , [.75, .75, .75] ) 

13 hold on 

14- hi = plot(N+l:N+1000,yp, 1 r 1 , 1 LineUidth' ,2); 

15- h2 = plot [N+1:N+1000, upper, 1 k— 1 , 1 LineWidth' , 1.5) ; 

16 - plot (N+1:N+1000, lower, 1 k— 1 , 1 LineUidth 1 ,1.5) 

17 - xlim([□,N+1000] ) 

13 - title ( 1 Forecasted Returns') 

19 - legend([hi,h2], 1 Minimum mean square error Forecast 1 , 1 95% Interval 1 ,... 

20 1 Location 1 , 1 Northwest 1 ) 

21 - hold off 

22 

23 - subplot (2 , 1,2 ) 

24 - plot (sO, 1 Color 1 , [.75, .75, . 75] ) 

25 - hold on 

26 - plot(N+l:N+1000,sp, 1 r 1 , 1 LineWidth 1 ,2) 

27 - xlim([0,N+1000] ) 

23 - title( 1 Forecasted Conditional Variances') 

29 - hold off 
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0 I-1-1-1-1— 

0 500 1000 1500 2000 
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Applications (without Financial Toolbox) 

The codes available here do not contain any programmatic essentials such as error 
checking and they are not optimized for memory efficiency or speed. 

Bond portfolio with duration/convexity targets 

n 

z 

i =1 
n 

z 

i =1 
n 

z 

i -1 


m 

1 clear all;clc 

2 settle= 1 11 2 007-03-2 3 1 ; 

3 maturities^ 1 2012-06-15' ; '2017-10-31' ; '2027-03-01']; 

4 couponRates=[0.07 ; 0.06 ; 0.03]; 

5 yields=[0.06 ; 0.07 ; 0.075]; 

6 

7 %we compute durations and convexities 

3 durations=bnddury(yields, couponRates, settle, maturities); 

9 convexities=bndconvy(yields, couponRates, settle, maturities); 

10 

11 %we compute weights by solvie the simple linear system 

12 A=[durations' 

13 convexities' 

14 111]; 

15 %we want a duration of 10 years with a convexity of 160 

16 %and sum of weight = 1 

17 b= [ 10 160 1] ; 

13 ^simple linear algebra 

19 weights_=A\b' 




EDIT 

'OR 

PUB 

ILISH 

VIEW 

B 

1 Ofe 

1 

a - 1 

S ® 
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Bond portfolio with duration/convexity targets and 
maximization of average yield 


max z = Y J Y i w, 

i =1 

i,D’w,=Dl 


i =1 
n 
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ZM2 


» A = [durations'; convexities' ; ones(1,5)] 




9.4435 7.2218 11.0412 12.0430 4.2254 

121.6544 68.5700 192.1248 198.3656 21.2770 

1.0000 1.0000 1.0000 1.0000 1.0000 

» b = [ 10.3181 ; 157.6346 ; 1]; 

» weights = linprog(-yields f [],[],A,b,zeros(1,5)) 
Optimization terminated. 

weights = 


0.4955 

0.0000 

0.4361 

0.0684 

0.0000 


» 



UJ 




MATLAB 


1082/1357 











Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Backtesting long position buying-holding and selling SPY 

It is a well known fact that one may expect the drop of stock price within a short timeframe 
(e.g. a few days) after the day when the stock's dividends have been announced. 

Thus, the purpose is to test and find the best time period of buying-holding-and-selling SPY 
(or any other stock paying dividends) to make a profit every time. 


& 

P 

1 

2 

— 

3 

- 

4 

5 

" 

6 

7 

8 


9 

10 

" 

11 

- 


^ © (?) £3 - 2 


close all; clear all; clc; 

date_from=datenum( 1 Jan 1 2009'); 
date_to=datenum ( 1 Aug 27 2013'); 

stock= 1 SPY 1 ; % S SP500 index 

%we retrieve the close values (with the dates in the first column) 
adjClose = fetch(yahoo,stock, 1 adj close 1 ,date_from,date_to); 

%we retrieve the divident values (with the dates in the first column) 
div = fetch(yahoo,stock,date from,date to, 'v' ); 


At this point, we have: 


k\ 


Command Window 


>> size(adjClose) 


ans 


1171 


2 



>> size(div) 

ans = 


13 2 


Jx » 



Explicitly: 
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Command Window 


>> format long g 
>> adjClose 


adjClose 


735473 

735472 

735469 

735468 

735467 

735466 

735465 

735462 

735461 

735460 

735459 

735458 

735455 

735454 

735453 

735452 

735451 

735448 

cijijn 


And: 



159.44 
162.04 
162.65 
162 . 1 
160.64 

161.63 
160.84 
161.88 
162.41 
164.72 
165.57 
165.08 
165.27 
165.75 
165.15 
165.68 

166.63 
166.88 
1 ££ ^ Q 


> 
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H M 


^ B © a t S 


1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


close all; clear all; clc; 

date_from=datenum [ 1 Jan 1 2009'); 
date_to=datenum( 1 Aug 27 2013'); 

stock= l 3PY l ; %S£P500 index 

%we retrieve the close values [with the dates in the first column) 
adjClose = fetch(yahoo,stock, 1 adj close 1 ,date_from,date_to); 

%we retrieve the divident values (with the dates in the first column) 
div = fetch(yahoo,stock,date_from,date_to, 1 v 1 ); 

% We plot adjusted close price of and mark days when dividends 
% have been announced 

plot[adjClose1) , adjClose(: , 2) , 1 color 1 , [0 . 6 0.6 0.6]) 
datetick( 1 x 1 , 1 dd/mm 1 , 1 keepticks 1 ); 
hold on; 

%the offset to draw the dividends is empirical and just for esthetical purposes 
plot(div(:,1), min[adjClose[:,2))+10, 1 ota 1 ); 
ylatoel( 1 SPY (US?) 1 ); 

xlabel( 1 Jan 1 2009 to Aug 27 2013'); 
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So we get: 


Figure I 




Tools DeskJtop Window Help 

"?y 

** % o v rfi • 

i=u 

□ E3 

□ Q 


130 


160 - 


140 - 


cn 




> 

CL 

CO 


120 - 


100 - 


30 - 


60 


n-1-1-r 


n-r 


n-r 



ooooooooooooooooo 


11/07 27/01 15/03 03/03 19/09 07/04 24/10 11/05 27/11 15/06 01/01 

Jan 1 2009 to Aug 27 2013 


Having the data ready for backtesting, let's look for the most profitable period of time of 
buying-holding-and-selling SPY assuming that we buy SPY one day after the dividends have 
been announced (at the market price), and we hold for dt days (here, tested to be between 1 
and 40 trading days): 
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z± 

— 

22 


23 


24 

- 

25 

- 

26 

- 

27 

- 

28 


29 

- 

30 


31 

- 

32 


33 

- 

34 


35 


36 

- 

37 

- 

38 


39 

- 

40 


41 

- 

42 

- 


xianei^uan i ^uuy to Aug z / zuu'j; 

%find the most profitable period of holding SPY [long position) 
neg=[] ; 

R for dt=l:4G 

buy= [] ; sell= [] ; 
for i=l:size(div,1) 

%find the dates (rows) of adjClose when the dividends have been announced 
r=find(adjClose(:,l)==div(i,l)); 

%mark the corresponding SPY price with blue circle marker 
hold on; plot(adjClose(r,1),adjClose(r,2), 1 ob 1 ); 

^assume you buy long SPY next day at the market price (close price) 
buy=[buy; adjClose(r-1,1) adjClose(r-1,2)]; 

% assume you sell SPY in 1 dt 1 days after you bought SPY at the market 
% price (close price) 

se11=[sell; adjClose(r-l-dt,1) adjClose(r-1-dt,2)]; 

end 

^calculate profit-and-loss (PnL) of each trade (excluding transaction costs) 
PnL=sell(:,2)./buy(:,2)-1; 

^summarize the results 

necj=[neg; dt sum(PnL<0) sum (PnL<0) / length (PnL) ] ; 

L end 

So we get: 



Command Window 


© 


>> sortrows(neg,3) 

ans = 


18 

2 

□.111111111111111 

17 

3 

□ . 166666666666667 

19 

3 

□.166666666666667 

24 

3 

□.166666666666667 

9 

4 

□.222222222222222 

14 

4 

□.222222222222222 

20 

4 

□.222222222222222 

21 

4 

□.222222222222222 

23 

4 

□.222222222222222 

25 

4 

□.222222222222222 

28 

4 

□.222222222222222 

29 

4 

□.222222222222222 

13 

5 

0.277777777777778 

15 

5 

0.277777777777778 

16 

5 

0.277777777777778 

22 

5 

0.277777777777778 

27 

5 

0.277777777777778 

30 

5 

0.277777777777778 

31 

5 

0.277777777777778 

33 

5 

0.277777777777778 


MATLAB 


1087/1357 












Vincent ISOZ, Daname KOLANI 


Sciences.ch 


We see that the best strategy seems to take a long position on 18 days. 
Now we make a plot running the whole script from the beginning: 


42 

- 

43 


44 

- 

45 

- 

46 

- 

47 


43 

- 

49 

- 


end 

hold on; 


r=find(adjClose(:,l)==div(i,l)); 

% mark the corresponding SPY price with blue circle marker 
hold on; plot(adjClose(r-18,1),adjClose(r-18,2), 1 or 1 ); 


So we get have in blue the days paying the dividend and in reg the 18 days after where it 
could be good to sell: 


m 


Figure I 


File Edit View Insert Tools DeskJtop Window Help 




O ® /. ■ 

fa 

□ Q 

■ 0 


H J & d & I fe 



Jan 1 2009 to Aug 27 2013 


And finally: 
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1 


48 

- 

49 

- 

50 


51 


52 


53 

- 

54 

- 

55 

- 

56 

- 

57 



hold on; plot(adjClose(r-18,1) , adjClose[r-18,2) , 1 or 1 ) ; 

end 

%The complete distribution of profit and losses from all trades 
%can be obtained in the following way: 
figure(2); 

hist(PnL*100,length(PnL) ) 
ylabel( 1 Number of trades') 
xlabelf'Return (%)') 


That give us: 


v 
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Brownian motion and Wiener Process 

First we plot a few brownian motions: 


i © © 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


m=5; 

n=3O0; 

t=linspace(O,1,n+1) ; 
h=diff(t (1:2)); 
dw=sqrt (h) *randn (n,in) ; 
w=cumsum ( [ zeros (l,in) ; dw] ) ; 
plot (t, w) ; 
grid on; 

hy=graph2d.constantline(O, 1 color 1 , [O.7 0.4 O.6], 1 LineWidth 1 , 2 } 
changedependvar(hy, 1 y 1 ); 


1 ■) Figure 1 




File Edit View Insert 

Tools Desktop Window Help 



H J <3 d & | fe 

% % O ® ^ A - 1 S 

□ m 

□ Q 



And now a few Wiener processes with different drifts and volatilities: 
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1 n=1000; 

2 t=linspace(0,1,n+1); 

3 h=diff(t(1:2)); 

4 du=sgrt(h)*randn(n,1); 

5 w=cimi3imi( [0;dw] ) ; 

6 plot (t,t 1 *[0 2 2-1 -l]+u*[l 0.5 2 0.3 3]); 

7 legend( 1 \mu=0, \sigma =l l ,'\mu=2, \ sigma =0.5 1 , 1 \mu=2, \sigma =2',... 

8 1 \mu=-l f \sigma =0.3 1 , 1 \mu=-l^ \sigma =3'); 

9 grid on; 

10 hy=graph2d.constantline(0, 1 color 1 ,[0.7 0.4 0.6], 1 LineWidth 1 ,2); 

11 changedependvar(hy, 1 y 1 ); 
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Risk-return asset pricing models 

Capital Asset Pricing Model (CAPM) 


EDITOR 
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19 
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23 

- 

24 

- 

25 

- 

26 

- 

27 
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clear all;close all;clc 
ra=[-0.15,0.05,-0.43,0.79,0.32]; 
rb=[0.29,0.13,0.24,0.25,0.17]; 
rc=[0.38,0.63,0.46,0.36,-0.57]; 

PfH=[0.45,0.61,0.54,0.29,0.12] ; 

Rf=re£mat (0,1, length(PfH) ) ; 

Returns=[ra 1 ,rb 1 ,rc 1 ,PfH 1 ] ; 

[m,n]=size(Returns) ; 

^compute the excess return 
exreturn = zeros (in, n); 

E for i = l:m 

exreturn(i,:)=Returns(i,:)- Rf(i); 

end 

^regression with each risky asset on the portfolio, note that the 
%last columns of the exreturn matrix is market premium data 
E for i= 1:n 

CovarianceHatrix = cov(exreturn(:,i),exreturn(:,n)); % Covariance matrix 
% beta = cov(x,y) /var (x) ; 

Beta(i)= CovarianceHatrix(1,2)/var(exreturn(:,n)); 

% Alpha = return - (rf + beta(E(rm)-rf)) 

Alpha(i)= mean(exreturn(:,i))-(mean(Rf)+ Beta(i)*mean(exreturn(:,n))); 

% rt = rf + beta(E(rm)-rf) 

Rt(i) = mean(Rf) + Beta(i)*mean(exreturn(:,n)); 

end 

capm_Alpha = Alpha 
capm_Beta = Beta 
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Command Window 


capm_Alpha = 

0.7186 0.2041 -0.6029 0 


capm_Beta = 


-1.4990 0.0545 2.1265 1.0000 



4 


5 


6 

- 

7 


8 


9 

- 

10 


11 


12 

- 

13 


14 

- 

15 


16 

- 

17 

- 

18 

- 

19 


20 

- 

21 

- 

22 

- 

23 

- 


%ER: Excess Return (Assets Return - Risk Free Return) 

%also known as "Risk Adjusted Return". 

ER=[4.7 -10.26 26.09 0.06 13.68 16.74 14.65 20.63 15 -15.81 -23.88]; 

%SMB: "Small [market capitalization] Minus Big" 

^1/3(Small Value+Small Neutral+Smal1 Growth)-1/3(Big Value+Big Neutral+Big Growth) 
SMB=[-9.61 -12.66 4.58 7.81 -9.67 -2.14 -13.36 -15.78 14.86 -6.24 0.53]; 

%HML: "High [book-to-market ratio] Minus Low" 

% 1/2 (Small Value+Big Value)-1/2(Small Growth+Big Growth) 

HML=[-6.4 -2.51 23.22 5.4 -5.82 1.96 13.1 -0.52 -22.2 28.17 25.27]; 

%Risk free return 

Rf=[5.6 3.5 2.9 3.91 5.6 5.2 5.25 4.85 4.69 5.88 3.85]; 
format bank 

FF3 =[year 1 , ER 1 , SMB 1 , HML 1 ,Rf 1 ] ; 

printmat(FF3, 'Raw Data: ',num2str(1:size(FF3)),' Date (Rmt-rf) SMB HML rf 1 ) 

AssetReturnl=[0.010 0.022 0.074 0.02 0.009 0.042 0.045 0.069 0.079 0.077 0.087]; 
AssetReturn2=[0.057 0.026 0.040 0.021 0.017 0.058 0.063 0.053 0.084 0.053 0.06]; 
Portfolio=[AssetReturnl 1 AssetReturn2 1 ]; 

printmat(Portfolio, 'Portfolio' ,num2str[1:size(Portfolio)), 'Asset(1) Asset(2)' ) 
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27 
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23 

- 
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32 

- 

33 


34 


35 
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36 

- 

37 


33 

- 

39 


40 

- 

41 

- 

42 


43 

- 


Command Window 


Raw Data: 



Date 

(Rmt-rf) 

SHE 

SHH 

rf 

1 

1991.00000 

4.70000 

-9.61000 

-6.40000 

5.60000 

2 

1992.00000 

-10.26000 

-12.66000 

-2.51000 

3.50000 

3 

1993.00000 

26.09000 

4.58000 

23.22000 

2.90000 

4 

1994.00000 

0.06000 

7.81000 

5.40000 

3.91000 

5 

1995.00000 

13.68000 

-9.67000 

-5.82000 

5.60000 

6 

1996.00000 

16.74000 

-2.14000 

1.96000 

5.20000 

7 

1997.00000 

14.65000 

-13.36000 

13.10000 

5.25000 

8 

1998.00000 

20.63000 

-15.78000 

-0.52000 

4.85000 

9 

1999.00000 

15.00000 

14.86000 

-22.20000 

4.69000 

10 

2000.00000 

-15.81000 

-6.24000 

28.17000 

5.88000 

11 

2001.00000 

-23.88000 

0.53000 

25.27000 

3.85000 


A >> 


Command Window 


Portfolio = 



Asset (1) 

Asset (2) 

1 

0.01000 

0.05700 

2 

0.02200 

0.02600 

3 

0.07400 

0.04000 

4 

0.02000 

0.02100 

5 

0.00900 

0.01700 

6 

0.04200 

0.05800 

7 

0.04500 

0.06300 

8 

0.06900 

0.05300 

9 

0.07900 

0.08400 

10 

0.07700 

0.05300 

11 

0.08700 

0.06000 


FF3(:,1)=[]; %remove date data 
FF3=FF3/100; ^format data in % 
last_col]=size(FF3); 

FF3(:,last_col)=[]; ^remove rf 
[N ,H] = size (Portfolio); 

E3 for i = 1: H 

^compute excess return for all asset in portfolio 
exreturn(:,i) = Portfolio ( :,i) - Rf 1 ; 

%get beta coefficient using multivariate regression function 
%such as: (rt-rf) = b(Rm-rf) + bs(SHE) + bv(HHL) + alpha 
coef ( :,i) = regress(exreturn(:,i),FF3); 

ex^Return(:, i) = mean(Rf 1 ) + coef(1,i)*mean(FF3(:, 1))... 
+coef (2,1) *mean(FF3(:,2))+coef(2,1) *mean(FF3(:,3)); 

end 


Fj for i = 1 : H 

fprintf( 1 Asset(%d)>> beta(i) : %0.2f b(SHE) : %0.2f b(HHL) : %0.2f 3ffExp_Return: %0.2f Alpha: %0.2f\n‘ 
i,coef(1,i),coef(2,i),coef(3,i),expReturn(1,i),mean(Portfolio(:,i))-expReturn(l,i) ) 

end 
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Fama-MacBeth 


^ Microsoft Excel - FamaMcBeth.xIsx 


^] Fichier Edition Affichage Insertion Format Outils Doni 



Times New Roman 

- 12 - 

G I S 



A1 

f* -0.15 



A 

E 

c 

D 

[ 

1 

-0.15 

0.29 

0.38 

0.45 


2 

O.Os' 

' 0.18 

0.63 

0.61 


3 

-0.43 

0.24 

0.46 

0.54 


4 

0.79 

0.25 

0.36 

0.29 


5 

0.32 

0.17 

-0.57 

0.12 


£ 



EDITOR 

PUBLISH 

VIEW 


GS iol 

,u - ^ - 

B ® 




1 
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3 
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4 

- 

5 

- 

6 

- 

7 

- 

3 
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10 

- 

11 


12 

- 

13 

- 

14 

- 

15 

- 

16 


17 


13 


19 

- 

20 

- 

21 


22 

- 

23 


24 

- 

25 

- 

26 

- 

27 


23 


29 


30 



%load a data contains all risky asset 

%the last column is for market index (market return) 

clear all;close all;clc 

Returns = xlsread( 1 E:\FamaMcBeth.xlsx 1 ); 

List = { 1 T1 1 , 1 T2 1 , 1 T3 1 , 1 MI 1 }; 
disp (List) 
disp(Returns) 

%the T-bill rate to daily rate (for this example it is suppose to be fix ) 
Rf = re^mat(0,1,length(Returns))*0.02; 

[m,n]=size(Returns) ; 

^compute the excess return 
exreturn = zeros(m,n); 

F for i = 1:m 

exreturn(i,:)=Returns(i,:)- Rf(i); 

L end 

^simple CAPM 

^regression with each risky asset on the portfolio, note that the 
%last columns of the exreturn matrix is market premium data 
E for i= 1: n 

CovarianceMatrix = cov(exreturn(:,i),exreturn(:,n)); % Convriance matrix 
% beta = cov(x,y)/var(x); 

betacagm(i)= CovarianceMatrix(1,2)/var(exreturn(:,n)); 

% rt = rf + beta(E(rm)-rf) 

Rt(i) = mean(Rf) + betacapm(i)* mean(exreturn(:,n)); 

end 

Beta=zeros[m-3,n); % lag 3 years 

%Fama McBeth Step 1 :For each of the N securities included in the sample, 
^estimate the beta 

% (The first step involves a set of 4 years regressions equal in number to 
%the number of assets) 
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El for j = 1 :n 

for i= 1:(m-3) 

% beta = cov(x,y) /var (x) ; 

Beta(i,j)= regress(exreturn(i:[i+3), j ),exreturn(i:(i+3),n)); 

end 

end 

B eta 

%Fama McBeth Step 2 : run a cross sectional regression for every t.That is, 

%for period t, estimate risk premium 

%(The second stage is a set of regressions equal in number to the number of time periods) 
%since Fama-Mcbeth empirical CAPM is : exreturn = premium*beta + intercept 
premium = zeros(m-3,n); 
intercept = zeros(m-3,n); 

□ for j = 1: n 

□ for i =1: [m-3) 

premium(i,j) = regress(exreturn(i:(i+3), j),(ones(1,+)*Beta(i,j)) 1 ); 

intercept(i,j) = exreturn(i+3,j)- premium(i,j)*Beta[i,j); 
end 
end 

premium 

^empirical estimated premium 
empirical_premium = mean[premium) 

%theorical premium 

theorical_premium = mean(exreturn) 

^empirical average CAPM 

rt = mean(Rf) + mean(premium)* mean(Beta) 1 + mean(intercept); 

emprirical_capm = rt 
%theorical CAPM 
theorical capm = Rt 1 


Command Window 


1 Tl 1 


Beta = 


-□.0422 
□.□863 


premium = 


-1.5404 
2.1140 


1 T2 1 


1 T3 1 


1 MI 1 


-0.1500 

0.2900 

0.3800 

0.4500 

0.0500 

0.1800 

0.6300 

0.6100 

-0.4300 

0.2400 

0.4600 

0.5400 

0.7900 

0.2500 

0.3600 

0.2900 

0.3200 

0.1700 

-0.5700 

0.1200 


0.4655 

0.4360 


0.9556 

0.8773 


0.5155 

0.4817 


0.4788 

0.2508 


1.0000 

1.0000 


0.4725 

0.3900 


empirical_premium = 

0.2868 0.4986 0.3648 0.4312 
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theouical_pueiniuin = 

0.1160 0.2260 0.2520 0.4020 


einpuiuical_capin = 

1.4279 0.9S16 0.5529 0.7704 


theouical_capm = 

-0.6026 
0.0219 
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Options Pricing 

CRR binomial option pricing model without Financial Toolbox 

Inputs: X- strike, SO - stock price, r - risk free interest rate, sig - volatility, dt - size of time 
steps, steps - number of time steps to calculate, oType - must be ’PUT’ or ’CALL’, 
earlyExercise - true for American, false for European. 
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function oPrice = binPriceCRR[X,SO,r,sig,dt,steps,oType,earlyExercise) 

1% Function to calculate the option price of a vanilla European or American 
% Put or Call option using a Cox Ross Rubinstein binomial tree. 

% 

■ % Author: Phil Goddard (philSgoddardconsulting.ca) | 

% Calculate the Cox Ross Rubinstein model parameters 
a = exp(r*dt); 
u = exp(sig*sqrt(dt)); 
d = 1/u; 

p = (a-d)/(u-d); 

% Loop over each node and calculate the CRR underlying price tree 
priceTree = nan(steps+1,steps+1); 
priceTree(1,1) = SO; 
for idx = 2:steps+1 

priceTree(1:idx-1,idx) = priceTree(1:idx-1,idx-1)*u; 
priceTree(idx,idx) = priceTree(idx-1,idx-1)*d; 

end 

% Calculate the value at expiry 
valueTree = nan(size(priceTree)); 
switch oType 
case 1 PUT 1 

valueTree(:,end) = max(X-priceTree(:,end) ,0) ; 
case 1 CALL 1 

valueTree(:,end) = max(priceTree(:,end)-X,0) ; 


end 
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% Loop backwards to get values at the earlier times 
steps = size(priceTree,2)-1; 

[$]for idx = steps:-l:l 

valueTree(1:idx,idx) = ... 

exp(-r*dt)*(p*valueTree(1:idx,idx+1) ... 

+ (1-p) *valueTree(2:idx+1,idx+1) ) ; 
if earlyExercise 
switch oType 
case 1 PUT 1 

valueTree(1:idx,idx) = ... 

max(X-priceTree(1:idx,idx),valueTree(1:idx,idx)) 
case 1 CALL 1 

valueTree(1:idx,idx) = ... 

max(priceTree(1:idx,idx)-X,valueTree(1:idx,idx)) 

end 

end 

end 

% Output the option price 
oPrice = valueTree(1); 


Command Window 


>> oPrice = binPriceCRR(60,50,0.05,0.2,0.01, 100, 1 CALL 1 ,false) 


oPrice = 


1.6279 


A » I 

Drifted CRR binomial option pricing model without Financial Toolbox 

Inputs: X- strike, SO - stock price, r - risk free interest rate, sig - volatility, dt - size of time 
steps, steps - number of time steps to calculate, oType - must be 'PUT' or 'CALL', 
earlyExercise - true for American, false for European, drift - will be the drift... 
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function oPriceKbinPriceCRRDrift(X,SO,r,sig,dt,steps,oType,earlyExercise,drift) 
% Author: Phil Goddard (phil@goddardconsulting.ca) 

% Calculate the CRR Uith Drift model parameters 
a = exp(r*dt); 

u = exp(drift*dt + sig*sqrt(dt)); 
d = exp(drift*dt - sig*sqrt(dt)); 
p = (a-d) / (u-d) ; 

% Loop over each node and calculate the underlying price tree 
priceTree = nan[steps+1,steps + 1) ; 
priceTree(1,1) = 30; 

for idx = 2:steps+1 

priceTree(1:idx-1,idx) = priceTree(1:idx-1,idx-1)*u; 
priceTree(idx, idx) = priceTree(idx-1,idx-1)*d; 

end 

% Calculate the value at expiry 
valueTree = nan(size(priceTree)); 
switch oType 
case 1 PUT 1 

valueTree(:,end) = max (X-priceTree(:,end) , □) ; 
case 1 CALL 1 

valueTree(:,end) = max (priceTree(:,end)-X, 0) ; 

end 



% Loop backwards to get values at the earlier times 
steps = size(priceTree,2)-1; 
for idx = steps:-1:1 

valueTree(1:idx,idx) = ... 

exp(-r*dt)*(p*valueTree[1:idx,idx+1) ... 

+ (1—p)^valueTree[2:idx+1, idx+1) ) ; 
if earlyExercise 
switch oType 
case 1 PUT 1 

valueTree[1:idx,idx) = ... 

max[X-priceTree(1:idx,idx),valueTree(1:idx,idx)); 
case 1 CALL 1 

valueTree[1:idx,idx) = ... 

max[priceTree(1:idx,idx)-X,valueTree(1:idx,idx)); 

end 

end 

end 

% Output the option price 
oPrice = valueTree(1); 
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Jarrow-Rudd binomial option pricing model without Financial Toolbox 

Inputs: X- strike, SO - stock price, r - risk free interest rate, sig - volatility, dt - size of time 
steps, steps - number of time steps to calculate, oType - must be 'PUT' or 'CALL', 
earlyExercise - true for American, false for European 
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function oPrice = binPriceJR(X,SO,r,sig,dt,steps,oType,earlyExercise) 

% Function to calculate the price of a vanilla European or American 
% Put or Call option using an equal-probability (Jarrow-Rudd) binomial tree. 




h Author: Phil Goddard (phil@goddardconsulting.ca) 

% Calculate the equal probability model parameters 
p = 0.5; 

u = exp((r-sig*sig/2)*dt + sig*sqrt(dt)); 
d = exp((r-sig*sig/2)*dt - sig*sqrt(dt)); 


% Loop over each node and calculate the JR underlying price tree 
priceTree = nan(steps+1,steps+1); 
priceTree(1,1) = SO; 

0 for idx = 2:steps+1 

priceTree(1:idx-1,idx) = priceTree(1:idx-1,idx-1)*u; 
priceTree(idx,idx) = priceTree(idx-1,idx-1)*d; 

end 

% Calculate the value at expiry 
valueTree = nan(size(priceTree)); 
switch oType 
case 1 PUT 1 

valueTree(:,end) = max(X-priceTree(:,end) , 0) ; 
case 1 CALL 1 


valueTree(:,end) = max(priceTree(:,end)-X, 0) 


end 
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% Loop backwards to get values at the earlier times 
steps = size(priceTree,2)-1; 

E for idx = steps:-1:1 

valueTree[1:idx,idx) = ... 

exp(-r*dt)*(p*valueTree(1:idx,idx+1) ... 

+ (1-p)*valueTree(2:idx+1, idx+1) ) ; 
if earlyExercise 
switch oType 
case 1 PUT 1 


oPrice = valueTree(1) ; 


end 

end 

end 


% Output the option price 


case 1 CALL 1 


valueTree(1:idx,idx) = ... 

max(X-priceTree(1:idx,idx),valueTree(1:idx,idx)); 


valueTree(1:idx,idx) = ... 

max(priceTree(1:idx,idx)-X,valueTree(1:idx,idx)); 



>> oPrice=binPriceCRRDrift(60,50,0.05,0.2,0.01,100, 'CALL' ,false,log(60)-log(50)) 
oPrice = 


1.6115 


fx » 


\ r 

Jarrow-Rudd binomial risk neutral option pricing model without 
Financial Toolbox 

Inputs: X - strike, SO - stock price, r - risk free interest rate, sig - volatility, dt - size of time 
steps, steps - number of time steps to calculate, oType - must be 'PUT' or 'CALL', 
earlyExercise - true for American, false for European 
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function oPrice = binPriceJRRN(X,SO,r,sig,dt,steps,oType,earlyExercise) 
% Function to calculate the price of a vanilla European or American 
% Put or Call option using a Jarrow-Rudd Risk Neutral binomial tree. 

% Author: Phil Goddard (phil@goddardconsulting.ca) | 

% Calculate the JRRN model parameters 
a = exp[r^dt]; 

u = exp((r-sig*sig/2)*dt + sig*sqrt(dt)); 
d = exp((r-sig*sig/2)*dt - sig*sqrt(dt)); 
p = (a-d)/(u-d) ; 

% Loop over each node and calculate the JRRN underlying price tree 
priceTree = nan(steps+1,steps+1) ; 
priceTree(1,1) = SO; 

for idx = 2:steps+1 

priceTree(1:idx-1,idx) = priceTree{1:idx-1,idx-1)*u; 
priceTree(idx,idx) = priceTree(idx-1,idx-1)*d; 

end 

% Calculate the value at expiry 
valueTree = nan[size(priceTree)); 
switch oType 
case 1 PUT 1 

valueTree{:,end) = max(X-priceTree(:, end) , 0) ; 
case 1 CALL 1 

valueTree{:,end) = max(priceTree{:,end)-X, 0) ; 



% Loop backwards to get values at the earlier times 
steps = size(priceTree,2)-1; 
for idx = steps:-l:l 

valueTree(1:idx,idx) = ... 

exp(-r*dt)*(p*valueTree(1:idx,idx+1) ... 

+ (1—p)lvalueTree(2:idx+1,idx+1) ) ; 
if earlyExercise 
switch oType 
case 1 PUT 1 

valueTree(1:idx,idx) = ... 

max(X-priceTree(1:idx,idx),valueTree(1:idx,idx)); 
case 1 CALL 1 

valueTree(1:idx,idx) = ... 

max(priceTree(1:idx,idx)-X,valueTree(1:idx,idx)); 

end 

end 

end 


% Output the option price 
oPrice = valueTree(1); 
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Command Window 


>> oPuice=binPuiceJRRN(60,50,0.05,0.2,0.01,100, 'CALL' ,false) 

□Price = 

1,6239 


f* » 


Leisen-Reimer binomial option pricing model without Financial Toolbox 
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function oPrice = binPriceLR(X,50,r,sig,dt,steps,oType,earlyExercise) 
EH Function to calculate the price of a vanilla European or American 
-% Put or Call option using a Leisen-Reimer binomial tree. 

% Author: Phil Goddard (philGgoddardconsulting.ca) 

- Create a function handle for the required cummulative distribution 

% approximation 

fh = G(z,n)(0.5+sign(z). .. 

.*sqrt[0.25-0.25*exp(-((z/(n+1/3+0.1/(n+1))). A 2)*(n+1/6)))); 

% Calculate the dl and d2 parameters of the Black-Scholes model 
T = dt*steps ; % time to maturity 
dl = (log(S0/X)+(r+sig*sig/2)*T)/sig/sqrt(T); 
d2 = (log(S0/X)+(r-sig*sig/2)*T)/sig/sqrt(T); 

% Calculate the Leisen-Reimer model parameters 
% The parameter n must be odd 
if mod(steps,2) > □ 
n = steps; 

else 

n = steps+1; 

end 

pbar = fh(dl,n); 
p = f h (d2 , n) ; 
u = exp(r*dt)*pbar/p; 
d = (exp(r*dt)-p*u)/(1-p); 
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% Loop over each node and calculate the CRR underlying price tree 
priceTree = nan[steps+1,steps+1); 
priceTree[1,1) = SO; 

Ej: If or idx = 2: steps+1 

priceTree[1:idx-1,idx) = priceTree[1:idx-1,idx-1)*u; 
priceTree(idx,idx) = priceTree(idx-1,idx-1)*d; 

end 

% Calculate the value at expiry 
valueTree = nan[size(priceTree)); 
switch oType 
case 1 PUT 1 

valueTree(:,end) = max(X-priceTree(:,end),0); 
case 1 CALL 1 

valueTreeend) = max[priceTreeend)-X,0); 

end 

% Loop backwards to get values at the earlier times 
steps = size[priceTree,2)-1; 

Ej: If or idx = steps:-1:1 

valueTree[1:idx,idx) = ... 

exp[-r*dt)*[p*valueTree[1:idx,idx+1) ... 

+ [1-p)^valueTree[2:idx+1, idx+1) ) ; 
if earlyExercise 
switch oType 
case 1 PUT 1 
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valueTree[1:idx,idx) = ... 

max(X-priceTree(1:idx,idx),valueTree(1:idx,idx)) 
case 1 CALL 1 

valueTree[1:idx,idx) = ... 

max(priceTree(1:idx,idx)-X,valueTree(1:idx,idx)) 


end 


end 

end 

% Output the option price 
oPrice = valueTree(1); 


Command Window 


>> oPrice = binPriceLR(60,50,0.05,0.2,0.01, 100, 1 CALL 1 ,false) 


oPrice = 


1.5931 


A » 
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Tian binomial option pricing model without Financial Toolbox 
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function oPrice = binPriceTian(X,SO,r,sig,dt,steps,oType,earlyExercise) 
1% Function to calculate the price of a vanilla European or American 
% Put or Call option using a Tian binomial tree. 

% Author: Phil Goddard (philGgoddardconsulting.ca) | 

% Calculate the Tian model parameters 
nu = exp(sig*sig*dt); 
a = exp(r*dt); 

u = 0.5*a*nu*(nu+l+sgrt(nu*nu+2*nu-3)); 
d = 0.5*a*nu*(nu+l-sqrt(nu*nu+2*nu-3 ) ) ; 
p = (a-d)/(u-d); 

% Loop over each node and calculate the Tian underlying price tree 
priceTree = nan(steps+1,steps+1); 
priceTree(1,1) = SO; 
for idx = 2:steps+1 

priceTree(1:idx-1,idx) = priceTree(1:idx-1,idx-1)*u; 
priceTree(idx,idx) = priceTree(idx-1,idx-1)*d; 

end 

% Calculate the value at expiry 
valueTree = nan(size(priceTree)); 
switch oType 
case 1 PUT 1 

valueTree(:,end) = max(X-priceTree(:,end) , 0) ; 
case 1 CALL 1 
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valueTree(:,end) = max(priceTree(:,end)-X,0); 

end 

- Loop backwards to get values at the earlier times 
steps = size(priceTree,2)-1; 
for idx = steps:-l:l 

valueTree(1:idx,idx) = ... 

exp(-r*dt)*(p*valueTree(1:idx,idx+1) ... 

+ (1-p)lvalueTree(2:idx+1,idx+1)); 
if earlyExercise 
switch oType 
case 1 PUT 1 

valueTree(1:idx,idx) = ... 

max(X-priceTree(1:idx,idx),valueTree(1:idx,idx)); 
case 1 CALL 1 

valueTree(1:idx,idx) = ... 

max(priceTree(1:idx,idx)-X,valueTree(1:idx,idx)); 

end 

end 

end 

% Output the option price 
oPrice = valueTree(1); 


Command Window 


>> oPrice=binPriceTian(60,50,0.05,0.2,0.01, 100, 1 CALL 1 ,false) 

oPrice = 

1.6293 


fx » 
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Portfolios models 

Global Minimum Variance Efficient Portfolios (GMVP) without Toolboxes 
using langrangien multiplier 

This is based on the formal solution see during the theoretical training (Langrang Multiplier): 



1 - clear all;close all;clc 

2 - returns = xlsread( 1 E: \ MarkowitzData.xls 1 ); 

3 

4 - muAsset=mean(returns) ; 

5 - muAsset=muAsset 1 ; 

6 - sigmaAsset=cov(returns); 

7 - N = length(muAsset); 

3 % Calculation of parameters sigma*sigma = A E C D 

9 - A = ones(N,1) 1 *iny(sigmaAsset)*muAsset; 

10 - E = muAsset 1 *iny(sigmaAsset)*muAsset; 

11- C = ones(N,1) 1 *iny(sigmaAsset)*ones(N,1); 

12 — D = B*C - A A 2; 

13 - H = (B*iny(sigmaAsset)*ones(N,1) - A*iny(sigmaAsset)*muAsset)/D; 

14- G = (C*iny(sigmaAsset)*muAsset - A*inv(sigmaAsset)*ones(N,1))/D; 

15 ^Minimum variance portfolio 

16 - HH = H 1 ^sigmaAsset*H; 

17 - GG = G 1 ^sigmaAsset*G; 

18 - gh = H 1 ^sigmaAsset*G; 

19 

20 - mumin = - gh/GG; 

21 - sdmin = sqrt( HH * ( 1 - gh A 2/(HH*GG)) ); 

22 % Any portfolio is on the efficient frontier can toe expressed as W = Ge + H 

23 - wmin = (G*mumin + H) 1 ; 

24- disp ( 1 -Minimum variance Portfolio- '); 

25 - disp ( 1 mumin sdmin 1 ) ; 

26 - disp ( [mumin, sdmin] ) ; 

27 - disp( 1 Heights 1 ); 

28 - disp(wmin); 

29 

30- muPortfolio = linspace(min(muAsset),max(muAsset),50); %muP grid 
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muPortfolio = linspace(min(muAsset),max(muAsset),50); %muP grid 
sigmaPortfolio = zeros (1,50); ^Storage 


□ for 


1=1:50 ; 

^Portfolio = H + muPortfolio(i)*G weight of ith portfolio 
sigmaPortfolio(i) = sqrt(wPortfolio'*sigmaAsset*wPortfolio) ; %risk 


end ; 


fsize = 16 ; 

ind = (muPortfolio > mumin); % Indicates efficient horizon 

ind2 = (muPortfolio < mumin); % Indicates locus below efficient horizon 

^Create plot - efficient horizon is shown as a solid curve 
%- the inefficient part of the locus is dashed 
pi = plot(sigmaPortfolio(ind),muPortfolio(ind), 1 - 1 , ... 
sigmaPortfolio(ind2),muPortfolio(ind2) , 1 — 1 , ... 

sdmin,mumin, 1 . 1 ) ; 


^Change line widths, marker sizes, and colors for better appearance 

set(pi(1:2), 1 linewidth 1 ,4) ; 

set(pi(1:2), 1 color 1 , 1 blue 1 ) ; 

set(pi(3), 1 markersize 1 ,40) ; 

set(pi(3), 1 color 1 , 1 red 1 ) ; 

xlabel( 1 Risk(standard deviation) ', 'fontsize 1 , fsize) ; 
ylabel( 1 Expected return(mean) 1 , 1 fontsize 1 ,fsize) ; 
grid on; 


Command Window I 


mumin 

0.2230 

-Minimum variance Portfolio - 

sdmin 

0.0462 


0.0194 

Weights 

1.0134 -0.0323 

h 

>> 



Global Minimum Variance Efficient Portfolios (GMVP) using only 
Optimization Toolbox 


For this first classical example we will us the following file: 
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| MeanVariancePortoflioRetum.txt - Bloc-notes 

j- 1 □ | 

□ 

Fichier 

Edition Format Affichage ? 



Kbc 

-.7022472 

2.758133 

-4.335857 

6.978417 5.312709 


ANZEY 

-.9270704 

5.926388 

-6.124853 

5.834379 -3.556607 

— 

APD 

1.621528 

6.297742 

1.069946 

-7.20493 2.55406 .11622 


APU 

1.148649 

-2.004008 

-.613497 

9.94513 -1.840302 4.3215 


ASH 

5.134116 

6.358381 

3.335832 

-.3264418 1.564774 


AID 

1.279708 

-.4693141 

-2.067465 

-2.592592 7.566544 


BOX 

-.2640845 

5.684025 

-2.421914 

.1711743 -1.828433 


BEN 

-2.569993 

3.43354 -2 

.194045 .0436999 5.037856 6.7091 


BJS 

3.266008 

3.953392 

3.843075 

-6.013878 3.281379 


CFFN 

-.0277778 

1.333704 

-5.017823 

-1.991917 -2.444775 


CHFN 

-8.554438 

-9.47974 

-7.792208 

-5.543902 10.40609 


COL 

8.77282 7.34265 

8 3 . 

344191 -3 

.593192 7.650391 -3.462 


CUB 

-9.054647 

-17.80702 

1.067236 

-7.127772 .0568527 


DMF 

-4.7 -.83945 

Lfi 

1 

■tf 

.502645 .3 

359463 1.897323 1.5334 


EMR 

-4.079886 

-1.368233 

-2.08082 

-3.480135 6.062545 


FICO 

-5.806979 

-2.170767 

1.893491 

-4.529617 4.166667 


GLAD 

1.434599 

2.329451 

-13.73984 

3.675778 3.272724 


HP 

11.3396 5.64643 

8 

8491508 -3 

.173804 7.908428 13.114 


IGT 

-8.958697 

-2.683706 

-12.47538 

.8627157 4.797324 


IMKTA 

5.972558 

-.9139376 

2.382782 

-2.927928 -2.242843 


ITYBY 

-3.710407 

1.842105 

-1.882614 

9.123401 -6.154114 


J JSF 

-1.590538 

-2.154994 

-.8047438 

4.526046 .8169947 


LDR 

2.275711 

2.931108 

-1.184785 

-4.606647 7.717748 


LEO 

2.256532 

-.8130081 

-4.332553 

2.570379 2.386634 


LG 

-2.728732 

3.564356 

-6.9471 -6 

.267123 9.243696 6.2207 


MATW 

-5.679348 

.201671 -5 

.807936 8. 

333333 4.226547 5.3257 


MMS 

-3.341902 

12.56649 

-1.092735 

-8.330845 11.69381 


NAEZY 

2.408564 

-.5226481 

-3.896672 

4.236902 3.933569 


NASE 

0 5.15515 

Lfi 

Lfi 

.759162 -1 

.237374 -.3068226 12.464 


NFG 

-.4940014 

.4255319 

.9533898 

-4.756908 2.827764 


N JR 

1.176878 

1.265823 

-1.959459 

-.3790489 4.012451 

NRGY 

12 1.24223 

6 

7055215 1. 

173926 -4.366413 -.0957 

PENY 

-3.33586 

.8627451 

-4.821151 

-13.48039 10.57602 

PIM 

.9146342 

.6042296 

-4.054054 

-.9389671 1.105847 

QCOM 

-12.16981 

-3.195489 

1.608877 

-4.750205 6.82144 -11.43 

QQQQ 

-6.312625 

-.4812834 

-1.746373 

-4.347826 8.862212 

RDK 

-2.720148 

11.84834 

-1.90678 

-2.980561 6.990208 

RJF 

.62 y5 4 —2.2 61/y 

54I6U51 -XU.yyUI —.2224664 4.ybUy 

RKT 

<1 

-8.509234 

l 

2.883922 

-6.797477 

-23.68421 13.39902 

zi 


EDITOR PUBLISH 

VIEW 

GB 5 & d B 



1 %Authors: Ludwig. E. Chincarini / Daewhan Kim 

2 clear all;close all;clc 

3 %we read the ticker list dand 


4 Sticker list is the first column 

5 %we skip all the other columns toy using (%*[ A \n]J 

6 ticker=textread( 1 C:\tmp\MeanVariancePortfolioReturn.txt 1 , 1 hsh *[ A \n] 1 ); 
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Command Window 


>> ticker 

ticker = 

1 ABC 
1 ANZBY 1 
1 APD 1 
1 APU 1 
1 ASH' 

1 ATO 1 
1 BDX 1 
1 BEN 1 
1 B JS 1 
1 CFFN 1 
1 CHFN 1 
1 COL 1 
1 CUB 1 
1 DMF 1 
1 EMR 1 
i vtccu 


A 
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VIEW 







1 - clear all;close all;clc;| 

2 % we read the ticker list and 

3 % ticker list is the first column 

4 % we skip all the other columns toy using (%*[ A \n]) 

5 - ticker=textread( 1 data_Ch9_return.txt 1 , '%s%*[ A \n] 1 ); 

6 % we read returns in the file where the delimiter is the Tato (\t) 

7 % we read from the first row (0) and from the second column (1) 

3 - ret = dlmread( 1 data Ch9 return.txt 1 , 1 \t 1 , 0, 1); 


Columns 1 through 8 


f* 


-0.7022 

2.7581 

-4.3359 

6.9784 

5.3127 

7.0881 

3.8760 

3.9610 

-0.9271 

5.9264 

-6.1249 

5.8344 

-3.5566 

1.6595 

-1.6324 

2.8887 

1.6215 

6.2977 

1.0699 

-7.2049 

2.5541 

0.1162 

-0.8955 

-7.2958 

1.1486 

-2.0040 

-0.6135 

9.9451 

-1.8403 

4.3216 

1.8581 

-1.4952 

5.1341 

6.3584 

3.3358 

-0.3264 

1.5648 

5.2311 

4.6136 

-1.0740 

1.2797 

-0.4693 

-2.0675 

-2.5926 

7.5665 

1.8028 

1.2500 

1.4746 

-0.2641 

5.6840 

-2.4219 

0.1712 

-1.8284 

-8.6684 

5.5270 

-4.9485 

-2.5700 

3.4335 

-2.1940 

0.0437 

5.0379 

6.7092 

4.9883 

-0.4702 

3.2660 

3.9534 

3.8431 

-6.0139 

3.2814 

4.2097 

16.2348 

3.4098 

-0.0278 

1.3337 

-5.0178 

-1.9919 

-2.4448 

4.1063 

4.4084 

-6.2222 

-8.5544 

-9.4797 

-7.7922 

-5.5439 

10.4061 

0.4023 

0.1717 

-1.9429 

8.7728 

7.3427 

3.3442 

-3.5932 

7.6504 

-3.4622 

2.3490 

-1.3729 

-9.0546 

-17.8070 

1.0672 

-7.1278 

0.0569 

0.7955 

9.7520 

-5.2388 


Workspace 



Name L. 

|value 

| Min |b 

5 ret 

<50x60 double > 

-57.7... 

O] ticker 

<50x1 cell> 



_1 

2J 
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© yi - b 

1 

- 

clear all;close all;clc; 

2 


% we read the ticker list and 

3 


% ticker list is the first column 

4 


% we skip all the other columns toy using [%*[ A \n]) 

5 

- 

t icker=textread ( 1 data Ch9 return.txt 1 , 1 ^s^[ A \n] 1 ) ; 

6 


% we read returns in the file where the delimiter is the Tato (\t) 

7 


% we read from the first row (0) and from the second column (1) 

3 

- 

ret=dlmread( 1 data Ch9 return.txt 1 , '\t', 0, 1); 

9 


% mean vector of each ticker (annualized) and toecause each 

10 


% ticker is horizontal in the text file we take the transposition 

11 


% of the vector ret 

12 

- 

mu=mean(ret 1 ) 1 *12; 

13 


% we calculate the variance-covariance matrix [annualized) 

14 


% and once again we must not forget to take the transposition 

15 


% toecause there are 50 tickers, the matrix will toe a 50x50 

16 

- 

covar = cov(ret 1 ) *12; 


Command Window 








» mu(1:5) ; 









» covar 









covar = 









l.Oe+03 

* 








Columns 1 

through 8 








0.4523 

0.2493 

0.1892 

0.0708 

0.4811 

0.1065 

0.1837 

0.3385 


0.2493 

1.0941 

0.3568 

0.0935 

1.2169 

0.1350 

0.1484 

0.5929 


0.1892 

0.3568 

0.6176 

0.1618 

1.3043 

0.1107 

0.1731 

0.4439 


0.0708 

0.0935 

0.1618 

0.3724 

0.4626 

0.1075 

0.1111 

0.1184 


0.4811 

1.2169 

1.3043 

0.4626 

5.6584 

0.4254 

0.2544 

1.1482 


0.1065 

0.1350 

0.1107 

0.1075 

0.4254 

0.2443 

0.0485 

0.1213 


0.1837 

0.1484 

0.1731 

0.1111 

0.2544 

0.0485 

0.4345 

0.1431 


0.3385 

0.5929 

0.4439 

0.1184 

1.1482 

0.1213 

0.1431 

0.8210 


0.2006 

0.4046 

0.4963 

0.1149 

1.7222 

0.1654 

0.1385 

0.3990 


. 0.0338 

A, 

0.0354 

0.0334 

0.0480 

0.312 6 

0.0006 

0.0415 

0.1239 ^ 



Workspace 



Name L. 

| Value 

| Min | B 

ztJans 

[14.3968;10.1940;9.8... 

7.5220 

3 covar 

<50x50 double > 

-500.... 

2 mu 

<50x1 double > 

-21.0... 

3 ret 

<50x60 double > 

-57.7... 

Ol ticker 

<50x1 cell> 
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“SB -a 


1 - clear all;close all;clc; 

2 ^ ue read the ticher list and 

3 % ticker list is the first column 

4 % we skip all the other columns by using (%*[ A \n]) 

5 - ticker=textread( 1 data_Ch9_return.txt 1 , 1 % s% *[ A \n] 1 ); 

6 % we read returns in the file where the delimiter is the Tab (\t) 

7 % we read from the first row (0) and from the second column (1) 

3 - ret=dlmread( 1 data_Ch9_return.txt 1 , '\t', 0, 1); 

9 % mean vector of each ticker (annualized) and because each 

10 % ticker is horizontal in the text file we take the transposition 

11 % of the vector ret 

12 - mu=mean(ret l ) 1 *12; 

13 % we calculate the variance-covariance matrix (annualized) 

14 % and once again we must not forget to take the transposition 

15 % because there are 50 tickers, the matrix will be a 50x50 

16 - covar=cov(ret 1 )*12; 

17 % determine the number of assets 

13 - n=size(mu,1); 

19 % determine min and max of mean returns 

20 % because we can't have a mean return better or worst than 

21 % the min or max return 

22 - mu min=min(mu);mu max=max(mu); 


Command Window 


>> n 


50 


>> mu max 


mu max = 



31.4589 


>> mu mm 


mu mm = 


-21.0550 


fx » 
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1 - clear all;close all;clc; 

2 % we read the ticker list and 

3 % ticker list is the first column 

4 % we skip all the other columns by using (%*[ A \n]) 

5 - ticker=textread( 1 data_Ch9_return.txt 1 , '%s%*[ A \n] 1 ); 

6 % we read returns in the file where the delimiter is the Tab (\t) 

7 % we read from the first row (0) and from the second column (1) 

3 - ret=dlmread( 1 data_Ch9_return.txt 1 , '\t', 0, 1); 

9 % mean vector of each ticker (annualized) and because each 

10 % ticker is horizontal in the text file we take the transposition 

11 % of the vector ret 

12 - mu=mean(ret l ) 1 *12; 

13 % we calculate the variance-covariance matrix (annualized) 

14 % and once again we must not forget to take the transposition 

15 % because there are 50 tickers, the matrix will be a 50x50 

16 - covar=cov(ret 1 ) *12; 

17 % determine the number of assets 

13 - n=size(mu,1); 

19 % determine min and max of mean returns 

20 % because we can't have a mean return better or worst than 

21 % the min or max return 

22 - mu_min=min(mu);mu_max=max(mu); 

23 % we will decide the optimize 100 portolios with return 

24 % between mu_min and mu_max by constant step| 

25 - m_step = (mu_max - mu_min) / 99; 

26 - m_target = (mu_min:m_step:mu_max)'; 

27 ^because the purpose is to found the optimal combination of weight of 

23 Stickers first the lower bound of each ticker will be build with 

29 - lb=zeros(n,1); 

30 % linear constraints (matrix of two rows and 50 columns) 

31 % the first row contains fifty 1 to say we want to include the 50 tickers 

32 % in the optimization problem, the second row contains the mean return 

33 % as coefficient of each ticker for which we need to find the weight 

34- Aeq = [ones(1,n);mu']; 

35 % initialize matrices to store weights and standard deviation 

36 % for the 100 hundred optimisations and 50 (n) tickers we will need 

37 % a 100x50 matrix 

33 - w_all = zeros(100,n); 

39 % we will also need a vector containing the portfolio variance 

40 - s_all = zeros(100,1); 
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41 

42 

43 - 

44 

45 

46 

47 - 

48 

49 

50 - 

51 

52 - 

53 

54 

55 

56 - 

57 

53 - 

59 - 

60 - 


% we define the settings for the optimization function of the 
% Optimization Toolbox 

opts = optimoptions( 1 quadprog 1 , 1 Algorithm 1 , 1 interior-point-convex 1 , ... 

1 Display 1 , 1 off 1 ); 

% we loop over target means 
R for i = 1:100 

% linear constraints 

% first coefficient is the sum of weights, second is the target return 
Eeq = [l;m_target(i) ] ; 

% quadratic programming (maximization by default) 
w_i = quadprog (covar, [],[],[], Aeq, Beq, lb, [],[], opts) ; 

% we compute the standard deviation of the optimized portfolio 
% as we prooved it in the Financial Mathematics training 
% (thus this stdev includes non-independence of tickers) 
s_i = sqrt(w_i 1 *covar*w_i); 

% collect weights and standard deviation 
w_a11(i,:) = w_i; 

s_all(i) = s_i; 

end 


£ 1 


EDITOR 

PUBLISH 

VIEW 


13 M 

B 



59 

- 

s_all(i) = s_i; 

60 

- 

L end 

61 



62 


% plot the mean-variance efficient frontier 

63 

- 

figure 

64 

- 

set(gcf, 1 Menubar 1 , 1 none 1 , 1 Name 1 , 1 Efficient Frontier 1 , 1 NumberTitle 1 , 'off 1 ); 

65 

- 

plot(s all,m target, 1 -ob 1 ) 

66 

- 

xlabel( 1 Standard Deviation \sigma 1 );ylabel( 1 Expected Return 1 ); 

67 

- 

title ('Naive Portfolio Allocation optimization problem (Markowitz)',... 

68 


'fontweigh' , 'bold' ); 

69 

- 

grid on; 

70 

- 

set(gca,' Xcolor' ,[0.85 0.85 0.85]); 

71 

- 

set(gca, 'Ycolor' ,[0.85 0.85 0.85]); 

72 

- 

setAxes=copyobj(gca,gcf); 

73 

- 

set(setAxes, 'color' , 'none' , 'Xcolor' , 'k' , 'xgrid' , 'off' , 'Ycolor' , 'k' , 'ygrid' , 

74 

- 

datacursormode on; 
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76 

% ue search the position number of minimum variance portfolio 

77 - 

78 

[minVal, position]=min(s all) 

79 

% we display weights of the selected portfolios 

80 

% we have to convert weights to text because tickers are also texts 

81 - 

[char[ticker ) f num2str[w all(position,:) 1 ) ] 
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minVal = 

8.3408 


position = 

43 

» [char (ticker) , nunn2str (w_all (position, :) 1 ) ] 
ans = 

ABC 2.6677e-18 
ANZBY1.0579e-17 
APD 3.2779e-18 
APU 2.9015e-14 
ASH 2.9953e-19 
ATO 4.2507e-18 
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79 % we display weights of the selected portfolios 

80 % we have to convert weights to text because tickers are also texts 

81 - [char (ticker) , nimi2str (w_all (position, : ) 1 ) ] 

82 

83 % we remove too small tickers 

84 % display weights of the selected portfolios 
85- idx = find(w_all(position,:) 1 > .0001); 

86 - [char(ticker(idx)),num2str(w_all(position,idx) 1 )] 

R7 _ 


Workspace 



Name L. 

|value 

| Min 

abcl ans 

<50x15 char> 

A 

S covar 

<50x50 double > 

-500.... 

Si 

100 

100 

Sib 

<50x1 double > 

0 

S rn_step 

0.5304 

0.5304 

S mjarget 

<100x1 double > 

-21.0... 

S minVal 

8.3408 

8.3408 

S mu 

<50x1 double > 

-21.0... 

-j-| mu_max 

31.4589 

31.4589 

2 mu_min 

-21.0550 

-21.0... 

S n 

50 

50 

©] Opts 

<1x1 optim.options.Q... 


-ri position 

43 

43 

Sret 

<50x60 double > 

-57.7... 

S s_all 

<100x1 double > 

8.3408 

Ssj 

38.7575 

38.7575— 

2 setAxes 

5.0765 

5.0765 

T>1 ticker 

aJ 

<50x1 cell> 

_ 1 

if* 


Command Window 


® 


>> idx = find(w_all(position,:) 1 > .0001); 

[char(ticker(idx)),num2str(w_all(position,idx)')] 

ans = 

EDX □.056076 
CFFN 0.14019 
DMF 0.310S3 
ITYBY 0.040983 
LG 0.08651 

NFG 0.0049197 
PENY 0.010835 
PIM 0.052274 
31 0.019469 

UGI 0.0018907 
TJEK 0.011968 
TtfGL 0.26405 

/* » | 


MATLAB 


1117/1357 



















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Portfolio Performance 


EDITOR 

PUBLISH 

VIEW 





1 

- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 

- 

12 


13 

- 

14 


15 

- 

16 


17 

- 

13 

- 

19 



1 

jAil 



clear all;clGse all;clc 
ra=[-0.15,0.05,-0.43,0.79,0.32]; 
rto=[0.29,0.13,0.24,0.25,0.17]; 
rc=[0.33,0.63,0.46,0.36,-0.57]; 
PfM=[0.45,0.61,0.54,0.29,0.12]; 
u=[-0.055,1.079,-0.024]; 

Rf=repmat (0,1, length (Pf M) ) ; 
muAsset=:mean ( [ra 1 , rto 1 , rc 1 ] ) ; 
sigmaAsset=std([ra 1 ,rto 1 ,rc 1 ]) 1 ; 
Returns=[ra 1 ,rto 1 ,rc 1 ,Pf M 1 ]; 
muPortfolio = muAsset^u 1 ; 


[m,n]= size(Returns); 
^compute the excess return 
exreturn = zeros(m,n); 

F for i = 1 :m 


exreturn(i,:)=Returns(i,:)- Rf(i); 

L end 
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21 

22 


23 

- 

24 

25 

_ 

26 

27 

_ 

28 

29 

_ 

30 

31 

_ 

32 

33 

_ 

34 

- 

35 

36 

37 


38 

- 

39 

- 

40 

- 

41 

- 

42 

43 

_ 

44 

- 

45 

- 

46 

- 

47 

- 


^regression with each risky asset on the portfolio, note that the 
%last columns of the exreturn matrix is market premium data 
□ for i= 1: n-1 


CovarianceHatrix = cov(exreturn(:,i),exreturn(:,n)); % Covariance matrix 
% beta = cov(x,y)/var(x); 

Beta(i)= CovarianceHatrix(1,2)/var(exreturn(:,n)); 

% Alpha = return - (rf + beta(E(rm)-rf)) 

Alpha(i)= mean(exreturn(:,i))-(mean(Rf)+ Beta(i)*mean(exreturnf:,n))); 

% rt = rf + beta(E(rm)-rf) 

Rt(i) = mean(Rf) + Beta(i)*mean(exreturn(:,n)); 

^Calculating the Sharpe ratios for individual stocks 
Sharpe(i) = mean(exreturn(:,i))/sigmaAsset(i) ; 

^Calculating the Treynor ratios for individual stocks 
Trejnor(i) = mean(exreturn(:,i))/Beta(i); 

L end 


%Asset performance 
Alpha 

w-vC---------- 

Beta 

Rt 

Treynor 

■wwwwwwwsi 

Sharpe 

^Portfolio performance 
pA = muPortfolio - Rt*w' 
pB = Beta*w' 
pR = Rt*u' 
pT = Treynor*w' 
pS = Sharpe*w' 
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5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


^Michaud first step is standard Markowitz Optimization 

^unconstrained in this case) 

clear all;close all;clc 

Tl=[-0.15,0.05,-0.43,0.79,0.32] ; 

T2 =[0.29,0.18,0.24,0.25,0.17]; 

T3 =[0.33,0.63,0.4 6,0.3 6,-0.57] ; 
listed_Asset = { 1 T1 1 , 1 T2 1 , 1 T3 1 } ; 

Data=[T1 1 T2 1 T3 1 ] ; 
expReturns =mean(Data); 

in_C o v = cov(Data); 

stdDev = std(Data); 

[nrow,NumAssets] = size(Data); 

NumSim = 10; % Number of samples 
^Markowitz Optimization 

[PortRisk, PortReturn, PortWts] = portopt(expReturns,m_Cov,NumSim); 
plot(PortRisk,PortReturn, 1 r 1 , 1 lineuidth 1 ,4) ; 
ylabel( 1 Expected Return 1 );xlabel( 1 Risk(Variance) 1 ) 

[RiskyRisk, RiskyReturn, RiskyWts, ~,~]... 

= portalloc(PortRisk, PortReturn, PortWts,0.001,0.001); 

Simple MV Optimization = RiskyWts; 
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22 

23 

24 

25 

26 - 
27 - 
23 - 

29 

30 - 

31 - 

32 - 

33 - 

34 - 

35 - 

36 

37 - 
33 - 

39 - 

40 - 

41 - 


Command Window 

Simple_MV_Gptimisation 
0.0163 0.9837 

fx » 


Figure I 


© 


□SB 


File Edit View Insert Tools Desktop Window Help 



0.1 


0.2 0.3 

Risk(Variance) 


0.4 


0.5 


Second step is just a resampling routine (the core of Michaud model) 

%to manage the estimate of covariance matrix and all other stuff 
% if the dataset is too small the script could stop... 
i=l; 
hold on; 
for j = 1:Mum3im 

^Resample from the past returns with normal distribution 

returnsim=ones(nrow,1)*expReturns+randn(nrow,NumAssets).*(ones(nrow,1)*stdDev) 
meansim=mean(returnsim); % sample mean 
covSim=cov(returnsim); % sample covariance 

[PortRisk, PortReturn, PortUts] = portopt(meansim,covSim,100); 
plot(PortRisk,PortReturn, 1 — ');% plot (i)th sample frontier 
[RiskyRisk, RiskyReturn, RiskyUts, 

= portalloc(PortRisk, PortReturn, PortUts, .02,0.02); 
weight(:,i)= RiskyUts;^ get (i)th sample optimisation portfolio 
i = i + 1; 

L end 

legend( 1 Markowitz-efficient frontier 1 , 1 Michaud resampled frontier 1 ) 
hold off 
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42 



43 - 

weight = 

: weight 1 ; 

44 - 

Michaud 

resampling portfolio = mean(weight); 

45 - 

Michaud 

resampling portfolio 

46 



47 

Presume 

all| as bar chart 

48 - 

figure 


49 - 

subplot (2,1,1) 

50 - 

bar(Simple MV Optimization) 

51 - 

ylabel( 1 

Weigts 1 ); 

52 - 

set(gca. 

1 XTickLabel 1 ,listed Asset) 

53 - 

title( 1 M-V Optimization portfolio 1 ); 

54 - 

subplot(2,1,2) 

55 - 

bar(Michaud resampling portfolio, 1 r 1 ) 

56 - 

ylabe1 ( 1 

Weigts 1 ) 

57 - 

set(gca. 

1 XTickLabel 1 ,listed Asset) 

58 - 

title( 1 Resampling Optimization portfolio ') 
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Command Window 


Simple_MV_Optimization = 

□.□163 0.9837 □ 

Michaud_resampling_portfolio = 
□.□623 0.8857 0.0516 

I* » 



MATLAB 


1123/1357 






























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


CVaR portfolio 


cVaR.m 
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2 

3 

4 

5 - 

6 - 

7 - 

8 - 
9 - 


function result = cVaR (w r data, alpha) 

% cYaR calculation for scenario returns 

I w is in (n. x 1) vector and r is a (T x n) vector r where 
-% n is the number of assets and T the number of simulations 
[T f n] = size(data); 

rp = 3ort(data*w); % sorted portfolio return 
cutoff = floor (alpha*T) ; k cutoff (VaR) 
result = mean(rp (1 :cutoff ,1)) ; 
end] 


EDITOR 
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c¥aR Optimiiation,m x 


1 - 

close all 


2 ~ 

clear all 


3 - 

clc 


4 

%% Loading Data 


5 - 

|data ,symb] = xlsread{ 1 Stocks.xlsx' ) ; 


6 - 

[T ,N] = size(data); 


7 - 

covAsset = cov(data); 


e - 

muAsset = mean (data) ; % This definition is again arbitrary to get 30ime 

reasonable values 

9 

% Plotting the distribution of the equal weighted portfolio 


10 - 

wgtn = ones(N,l)/N; % equal weighted portfolio weights 


11 - 

figure (1) 


12 - 

probl = 0.01;% Alpha 


13 - 

CVaRl = cVaR(wgtn,data,probl } ; 


14 - 

prob2 = 0.05; % Alpha 


15 - 

CVaR2 = c Va R ( wgtn,da t a,p r ob 2 ) ; 


16 - 

histl = hist(data*wgtn,T/10); 


17 - 

hist(data*wgtn,T/10) 


18 - 

set(gca, 'Box' , 'On 1 , 1 LlneWidth' ,1.5, 1 FontSize 1 , 12) 


19 - 

hold on 


20 - 

plot([CVaRl CVaRl], [0 max(histl )], 'r', 'LineWidth p , 1.5) 


21 - 

plot ( [CVaR2 CVaR2], [0 max(histl) ], 'r— ", 'LineWidth', 1.5) 


22 - 

legend ( 'returns p ,[ 1 CVar-Level, \alpha = p num2str(probl) ] , [ 'CVar-Level, \alpr.a = p num2str(prob2 )]} 

23 



24 

%% Optimization 


25 

% first, specify the target returns: 


26 - 

Rs = linspace(max(min(muAsset),0}, max(muAsset),15); 


27 

% then the confidence level alpha 


28 - 

alpha=0.005; 


29 

% set the lower umd upper bounds 


30 - 

DB= 1; 


31 - 

LB = -DB; 


32 - 

Short=0; %If Short=l, we allow for short positions. If short = 0, we don't. 


33 

% here comes the optimization loop: 


34 - 

clear 151 R 
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36 

37 
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39 

40 

41 

42 

43 

44 

45 

46 

47 
43 

49 

50 

51 

52 

53 

54 

55 

56 

57 
53 

59 

60 
61 
62 

63 

64 

65 

66 
67 



% we want to minimize -CYaR. 
f=@ (w) -(cYaR (w f data,alpha) ) ; 

% and the Markowitz problem: 
me anvar=® (w) w 1 k c ovAss e t *w ; 

^Initial guess: 
wO = wgtn; 

ESO = cYaR (w0, data,alpha); 
for i = 1:length(Rs) 

R0= Rs ( i ) ; % target return i 

A= - mean(data); 


if 3hort==Q 


A= [A; -eye (N) ]; 

A=[A; eve(N) ] ; 

b=[-R0 zeros(1,N) UB*ones(1,N) ] ; 
elseif Short==l 

A=[A;-eye(N)]; 

A=[A; eye(N) ] ; %#ok<*AGRQW> 
b= [-R0 -LB*ones (l f N) DB*ones (1,NJ- ] ; 
elseif Short-=0||Short~=l 

error ("Set Short=l or O') 

end 


b=b 1 ; 


Aeq= ones(l,N); 
beq= 1; 

options = optimset(optimset (' fmincon' ) r 'Display' , 'off' f 'Algorithm' , 
% CYaR optimization 

[w r =fmincon(f,wO,A,b r Aeq,beq, [] r [1 , [ J f options); 

% Mean-Yar optimization 

[wm, ~ f ~J=fmincon (meanvar, wO r A r b, Aeq r beq r [],[],[], options) ; 

CYaR(i) = -cYaR(w,data,alpha); 

= -cYaR(wm f data,alpha); 

= std(data*w); 

= mean(data*w); 




1 sqp‘ } 
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68 - 

69 - 

70 - 

71 - 

72 - 

73 

74 

75 - 

76 - 

77 - 

78 - 

79 - 

80 - 
81 - 
82 - 
S3 - 

84 - 

85 

86 

87 - 

88 - 

89 - 

90 - 

91 - 

92 - 

93 - 

94 - 

95 - 

96 - 

97 

98 

99 - 
100 - 

101 - 
102 - 

103 - 

104 - 

105 - 

106 

107 - 

108 - 

109 - 

110 - 
111 - 
112 - 
113 


effSig (i) = s t d ( da t a * wm) ; 

effMu(i) = mean(data *w) ; 

-------------------- 

MarlcoW ( : , i) = wm; 

L end 


% Plot of the CVaR efficient frontier 
figure(2 ) 
hold on 

plot(CVaR,R*10G, 'LineWidth 1 ,1.5 ) 

plot ( CVaRwm, ef fHu* 100, ' r— 1 , ■ LineWidth 1 r 1.5) 

set ( gca, 1 Box 1 , 1 on 1 , 1 LineWidth 1 , 1-5, 1 FontSize 1 ,12 1 > 

grid on 

ylabel ( 1 target return (in %}') 
title ( 1 CVaR Efficient Frontier 1 } 

legend ([ 1 CVaR(\alpha = 1 num2str(alpha) 1 )optim. 1 ] , 'Markowitz 1 } 
xlabel ( 1 CVaR 1 ) 

% Plot of the Mean-Variance efficient frontier 
figure(3) 

plot(SD,R*10Q, 'LineWidth 1 ,1.5) 
hold on 

plot(effSig,effMu*100, 'r— 1 , 'LineWidth' r 1.5) 

set(gca, 'Box' ,' on' , 'LineWidth' , 1.5 r 1 FontSize ' ,12' } 

grid on 

ylabel { 'Target return (in %}') 

legend ( 'CVaR optim. p , 'Markowitz■ ) 

title ( ’Mean-Variance Efficient Frontier 1 > 

xlabel ( 'volatility' ) 


% Plot of the portfolio weights 
figure(4) 


subplot(1,2,1) 



\ ^ 


area(Weight 1 ); 

title ('CVaR Portfolio Weights'); 
set(get(gcf, 'Children 1 >, 'YLim' , [Q 1 ]>; 
xlabel( 'portfolio 1 } 
ylabel (' asset weight'} 


subplot (1,2,2) 
area (MarkoW ) ; 

title £ 'Markowitz Portfolio Weights'); 
set(get(gcf, 1 Children' }, 'YLim' ,[0 1]); 
xlabel ( 'portfolio 1 } 
ylabel( 'asset weight 1 } 
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CVaR Portfolio Weights 


Markowitz Portfolio Weights 
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1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 

- 

25 


26 

- 

27 


28 

- 

29 



% 


function [er, ps, w, pw, lambda, theta] = ... 

Black_litterman(delta, weq, sigma, tau, P, Q, Omega) %#codegen 
%http://www.blacklitterman.org/Black-Litterman.pdf 
^Copyright (c) Jay Walters, blacklitterman.org, 2008. 

% Input: 

%delta - Risk tolerance from the equilibrium portfolio 
%weq - Weights of the assets in the equilibrium portfolio 
%sigma - Prior covariance matrix 

%tau - Coefficiet of uncertainty in the prior estimate of the mean (pi) 
hP - Pick matrix for the view(s) 

%Q - Vector of view returns 

%Gmega - Matrix of variance of the views (diagonal) 

%Outputs 

%Er - Posterior estimate of the mean returns 

%w - Unconstrained weights computed given the posterior estimates 
hoi the mean and covariance of returns. 

% lambda - A measure of the impact of each view on the posterior estimates. 
%theta - A measure of the share of the prior and sample information 
hin the posterior precision. 

^Reverse optimize and back out the equilibrium returns 
pi = weq * sigma * delta; 

%We use tau * sigma many places so just compute it once 
ts = tau * sigma; 

^Compute posterior estimate of the mean 

er = pi 1 + ts * P 1 * _i_ny(P * ts * P 1 + Omega) * (0 - P * pi 1 ); 

% We can also do it the long way to illustrate that dl + d2 = I 
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37 
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40 
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41 
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53 
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d = inv(inv(ts) + P 1 * iny(Gmega) * P) ; 

dl = d * inv (ts) ; 

d2 = d * P 1 * Inv (Omega) * P; 

erg = dl * pi 1 + d2 * pinv(P) * Q; 

^Compute posterior estimate of the uncertainty in the mean 
ps = ts - ts * P 1 * iny(P * ts * P 1 + Omega) * P * ts; 

posteriorSigma = sigma + ps; 

^Compute the share of the posterior precision from prior and views, 

%then for each individual view so we can compare it with lambda 
theta=zeros(l,2+size(P,l) ) ; 

theta(l,l) = (trace(iny(ts) * ps) / size(ts,l)); 

theta (1,2) = (trace (P 1 *_iny (Omega) *P* ps) / size(ts,l)); 

for i=l:size(P,1) 

theta(l,2+i) = (trace(P(i,:) 1 *iny(Omega(i,i))*P(i,:)* ps) / size(ts,l)) 

end 

^Compute posterior weights based solely on changed covariance 
w = (er 1 * iny(delta * posteriorSigma)) 

% Compute posterior weights based on uncertainty in mean and covariance 
pw = (pi * iny(delta * posteriorSigma)) 

%Compute lambda value 

%We solve for lambda from formula (17) page 7, rather than formula (18) 
%just because it is less to type, and we've already computed w*. 
lambda = pinv(P) 1 * (w'*(l+tau) - weq) 1 ; 


end 
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1 

^Copyright 2012 The MathUorks, Inc. 




2 

^Copyright Jay Falters, blacklitterman.org, 200B. 




3 

%Take the values from He £ Litterman, 1999. 




4 

weq = [□. 016,0.022,0.052,0.055,0.116,0.124,0.615] ; 




5 

C = [ 1.000 0.488 0.478 0.515 0.439 0.512 0.491; 




6 

0.488 1.000 0.664 0.655 0.310 0.608 0.779; 




7 

0.478 0.664 1.000 0.861 0.355 0.783 0.668; 




3 

0.515 0.655 0.861 1.000 0.354 0.777 0.653; 




9 

0.439 0.310 0.355 0.354 1.000 0.405 0.306; 




10 

0.512 0.608 0.783 0.777 0.405 1.000 0.652; 




11 

0.491 0.779 0.668 0.653 0.306 0.652 1.000]; 




12 

Sigma = [0.160 0.203 0.248 0.271 0.210 0.200 0.187]; 




13 

refPi = [0.039 0.069 0.084 0.090 0.043 0.068 0.076]; 




14 

assets={ 1 Australia 1 ; 1 Canada 1 ; 1 France 1 ; 1 Germany 

. 

1 Japan 

i . 

15 

1 UK 1 ; 1 USA 1 >; 




16 

labels={ 1 q 1 ; 1 omega/tau 1 ; 1 lambda 1 ; 1 theta 

i . i 

pr theta 

1 }; 

17 

V = (Sigma 1 * Sigma) . * C; 




13 

[m,n] =sise (refPi) ; 




19 





20 

%Risk tolerance of the market from the paper 




21 

delta= 2.5; 




22 





23 

^Coefficient of uncertainty in the prior estimate of 

the 

mean 


24 

tau = 0.05; 




25 





26 

% Define view 1 




27 

% Germany will outperform the other European markets 

by 

5% 


23 

% Market cap weight the P matrix 




29 

PI = [0 0 -.295 1.00 0 -.705 0 ]; 




30 

Q1 = __[0-05] ; 
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Signal processing (Signal processing & 
Communications System Toolbox) 

Plot discrete signal functions 

We already saw how to make a Dirac (page 313) and a Heaviside (page 717) function without 
toolbox. Let us see now how to obtain another famous signal using the square( ) function: 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



t = O:0.l*pi:4*pi; 

fl =square(t,50) ;f2 =2^square(t, 25) ; 
f 3 =3 * square (t, 3 3 ) ; f 4 =4*square (t, 75) ; 
subplot (2,2 , 1) ; 
plot (t, f 1) ; 
ylabel ( 1 f 1 (t) 1 ) ; 

axis([0 4*pi -1.5 1.5]);grid on; 
t it le ( 1 Square (t, 50) vs t');| 
subplot(2,2,2); 
plot (t,f2) ; 
ylabel( 1 f2 (t) 1 ); 

axis([0 4*pi -2.5 2.5]);grid on; 
title( 1 2^Square(t,25) vs t 1 ); 
subplot(2,2,3); 
plot (t,f3) ; 
ylabel( 1 £3 (t) 1 ); 

axis([0 4*pi -4.5 4.5]);grid on; 
xlabel( 1 t (time) 1 ) 
title( 1 3^Square(t,33) vs t 1 ) 
subplot(2,2,4); 
plot (t,f4) 

axis([0 4*pi -5.5 5.5]);grid on; 
title( 1 4*Square(t,75) vs t 1 ) 
ylabelf 1 f4(t) 1 ) ;xlabel(' t (time) ') 
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Another typical signal is the sawtooth. Here is a small example of this signal usign the 
sawtooth( ) function: 



1 t = 0:0.l*pi:4*pi; 

2 fl = sawtooth (t, 0.5) ; f 2 = 2 ^sawtooth (t, 0.2 5) ; 

3 f 3 = 3^sawtooth(t,0.33);f4 = 4^sawtooth(t,0.75); 

4 subplot (2,2,1) ; 

5 plot (t, fl) ; 

6 ylabel ( 1 fl (t) 1 ) ; 

7 axis([0 4*pi -1.5 1.5]);grid on; 

8 title( 1 Sawtooth(t, .50) vs t 1 ); 

9 subplot(2,2,2) ; 

10 plot(t, f 2 ); 

11 ylabel ( 1 £2 (t) 1 ) 

12 axis([0 4*pi -2.5 2.5]);grid on; 

13 title( 1 2^Sawtooth(t,.25) vs t 1 ); 

14 subplot (2,2,3 ) ; 

15 plot(t, f 3 ); 

16 axis([0 4*pi -4.5 4.5]);grid on; 

17 ylabiel ( 1 f3 (t) 1 ) ;xlabel ( 1 t (time) 1 ) ; 

13 title( 1 3^Sawtooth(t,.33) vs t 1 ); 

19 subplot (2,2,4) ; 

20 plot(t, f 4); 

21 axis([0 4*pi -5.5 5.5]);grid on; 

22 title( 1 4*Sawtooth(t,.75) vs t 1 ); 

23 ylabel( 1 £4(t) 1 ); 

24 xlabelf't (time) 1 ) ;| 
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Found the peaks ofsigna 



This a major concern for various industrial fields (finance, SPC, signal processing, etc.). For 
this example consider the FFT we made long ago and we want to found and plot three peaks 
(if they exists!) giving some constraints on the peaks using the function findpeaks(): 


EDITOR 

PUBLISH 

VIEW 



©El <s> 


1 

- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

3 

- 

9 

- 

10 

- 

11 

- 

12 

- 

13 

- 

14 

- 

15 

- 

16 



Fs=1000; 

T=l/Fs; 

L=10G0; 
t= (0 : L-l) *T; 

x=0.7*sin(2*pi*50*t)+sin(2 *pi*120*t); 
y=x+2 *randn(size(t)); 

subplot (2,1,1) ;plot (Fs*t (1:50) ,y(1:50) ); 

title( 1 Signal corrupted 0-Mean Rand Noise 1 );xlabel( 1 time (milliseconds) 1 ); 
NFFT=2 A nextpow2(L); 

Y=fft(y,NFFT)/L; 

f=Fs/2*linspace(0,l,NFFT/2+l); 

subplot(2,1,2);plot(f,2*abs(Y(1:NFFT/2+1))); 

FFT=2*abs(Y(1:NFFT/2+1)); 

[pits,Iocs] = findpeaks(FFT, 1 NPEAKS 1 ,3, 1 MINPEAKHEIGHT 1 ,0.5, 1 MINPEAKDISTANCE 1 ,10) 
hold on; 

plot (Iocs,pits, 'to' ) ; 
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So we get: 



And in the Command Window we have the values and positions of the peaks. 

Add echo to a sound (ID digital filter) 

Echoes are delayed signals, and as such are generated using delay units. For example, the 
combination of the direct sound represented by discrete signal y[n] and a single echo 
appearing D samples later (which is related to delay in seconds) with an amplitude volume 
factor of a can be generated by the equation of the form (called a difference equation): 

x\n\ = y[n] + ay[n-Z)] 



1 load handel; %the signal "Alleluia song" is in y and sampling freq in Fs 

2 sound(y,Fs); pause(10); %Play the original sound 

3 alpha = 0.9; D = 4196; %Echo parameters 

4 b = [1,zeros (1,D) ,alpha]; ^Filter parameters 

5 x = filter(to,1,y); ^Generate sound plus its echo 

6 sound(x,Fs); %Play sound with echo 
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To remove the echo we use after if necessary we invert the parameters of the filter() 
command: w = filter(l,b,x);sound(w,Fs) 

Hamming Error Correcting Code 

The purpose here is to use MATLAB to see if we can build quickly the parity check and 
generator matrices of the Hamming code introduced in the theoretical course: 


MATLAB Command Window 




iiClxJ 

» %by default 

we can 

only 

we giue 

the 

parity length 

■ 

» [H,G] 

=hamngen(3) 






H = 








1 

0 

0 

1 

0 

1 

1 


0 

1 

0 

1 

1 

1 

0 


0 

0 

1 

0 

1 

1 

1 


G = 








1 

1 

0 

1 

0 

0 

0 


0 

1 

1 

0 

1 

0 

0 


1 

1 

1 

0 

0 

1 

0 


1 

0 

1 

0 

0 

0 

1 


»l 







A 

<J 








This is therefore the Hamming(7,4) code. It is a linear error-correcting code that encodes four 
bits of data into seven bits by adding three parity bits. It is a member of a larger family of 
Hamming codes, but the term Hamming code often refers to this specific code that Richard 
W. Hamming introduced in 1950. At the time, Hamming worked at Bell Telephone 
Laboratories and was frustrated with the error-prone punched card reader, which is why he 
started working on error-correcting codes 
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Circuit Analysis (Simulink Toolbox) 

Simulink, developed by The MathWorks, is a commercial tool for modeling, simulating and 
analyzing dynamic systems. Its primary interface is a graphical block diagramming tool and a 
customizable set of block libraries. It offers tight integration with the rest of the MATLAB 
environment and can either drive MATLAB or be scripted from it. Simulink is widely used in 
control theory and digital signal processing for simulation and design. 


MATLAB Command Window 
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HIbIB 


File Edit View Display Diagram Simulation Analysis Code Tools Help 


Isa t H 


Model Browser 


O 3> {> 




Save As 


Enregistrer dans: | £3 MAT LAB 


Mes documents 
recents 


Mes documents 


mr' 

Poste de travail 


Favoris reseau 


ode45 ^ 


mm 


S & EH- 




Norn du fichier: 
Type: 


siml 


iRLClsIx 


31 


Enregistrer 


Simulink Models ( X .slx) 




Annuler 
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| lr MATLAB 

Fichier Edition Affichage Favoris Outils ? 

Precedente t j ^ 

Recherche 

Adresse J C:\Documents and 5ettings\AdministrateL 

Dossiers x 

a 

simRLC.sIx 

Bureau 

□ Mes documents 


The firs thing you have to know is how to annotate. For this purpose just double click 
anyhwere in the background: 


* simRLC 

File Edit View Display Diagram Simulation Analysis Code Tools Help 

S T M <h 0 ■! @ ^ m > ’ ® T F< 

Model Browser - = 

simR 

© 

H 

11 

=£ 

El 

LC 

% % simRLC 

simRLC 

This e an a notation example 


and to change the colors of the text (or of anything else): 
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11 

ihis e 3 

n AnnritAtirin PVAmnlp 

=t 


/, Cut 

Ctrl+X 



li^ Copy 

Ctrl+C 

El 


Delete 

Del 


Text Alignment 
Enable TeX Commands 

Requirements 


Properties... 


Font Style. 


Foreground Color 


Background Color ► 
Annotation Border 


Black 

White 


Green 
Blue 
Cyan 
Magenta 
Yellow 
Gray 

Light Blue 
Orange 
Dark Green 
Custom 


Don't the first one or you won't be able to create wires later! 


Simulink Library Browser 


File Edit View Help 


a □ 

.ibraries 


» ac voltage source 


B Equivalent Baseband 
i Amplifiers 

Black Box Elements 
I Input/Output Ports 
i Ladder Filters 
| Mixers 

I Series/Shunt RLC 
Transmission Lines 
Idealized Baseband 
Simscape 

B Foundation Library 
B Electrical 

Electrical Elements 
Electrical Sensors 
Electrical Sources 
B Hydraulic 
@ Magnetic 
B Mechanical 
0 Physical Signals 
B Pneumatic 
B Thermal 
B ^ SimDriveline 
B ^ SimElectronics 
B ^ SimHydraulics 
B ^ SimMechanics 
0'H SimPowerSystems 
B Application Libraries 
B Control and Measurements Libr. 
Electrical Sources 
Elements 

Interface Elements 
B Machines 
Measurements 
Power Electronics 
Utilities 

--I 


nd: 'ac voltage source 1 | 4 | ► 


2^ 


| Simscape^ 


2 ( 




AC Voltage 
Source 




Showing: Simscape/SimPowerSystems/Electrical Sources 




File Edit View Display Diagram Simulation Analysis Code Tools Help 


Model Browser 


"sn 


Ready 


0H 


$*l <u ® y> 


0 - 


♦ ♦♦ 


simRLC 

© 


(A| 


@ simRLC 


► (j) 


AC Voltage Source 


ode45 ^ 
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All standard blocks in Simulink have detailed Help. Click the Help button in the Block Parameter 
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on Analysis Code Tools Help 




Explore 

Open 


<% (►) 0 > 


_c 


simRLC 


(•) T 110.0 4 Cut 

•_ Copy 

Cj Paste 


$ 


AO AC Voftage Source 


■-WHCTHf- 

Series RLC Bran 


Comment Out 


Ctrl+tt 

Ctrl+C 

Ctrl+V 

Ctrl+Shift+X 


On Clockwise 

Ctrl+R 

Counterclockwise 

Ctrl+Sl^t+R 

(Jj Flip Block 

Ctrl+I 

y Flip Block Name 



Delete 

Del 


Find Referenced Variables... 

Create Subsystem from Selection 

Ctrl+G 


Format 


► 

Rotate &. Flip 


> 

Arrange 


► 

Mask 



Library Link 


► 

Signals St Ports 


► 

v^mmr . . \ 


simRLC 


© 


i 


j^kj simRLC 


§ 


AC Voftage Source Series RLC Branch 


actors wi 

Create a simple signal filter 


If you want you can create connectors without any problems just by dragging the mouse 
between connector points. 


Consider we want to filter a sinus signal to get only the sign of a signal (using the signum 
function). To do this we only have to create the following circuit (I think we can not find an 
easier practical example © ): 
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When you double click on the component Sine Wave Function take: 
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Create a simple manual switch on/switch off signal 


ManualSwitch | 



MATLAB 


1151/1357 


























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


ManualSwitch 


File Edit View Display Diagram Simulation Analysis Code Tools Help 

Update Diagram Ctrl+D 

Model Configuration Parameters Ctrl+E 


S t H 


L£ 

Model Browser w = 



Mode 

► 


Data Display 

► 



Stepping Options 


► 

Run ^ 

Ctrl+T 

» 

Step Forward 


■ 

Stop 

Ctrl+Shift+T 


Output 

► 


Stepping Options 

Debug 

► 


m 


Simulation Stepping Options: ManualSwitch 


r Enable stepping back 

Maximum number of saved back steps 110 
Interval between stored back steps 110 


Move back/fbrward by 


1^ Pause simulation when time reaches [§"" 


> 




steps 


steps 



Specify the times after which s 


OK 


Cancel 


Help 


Apply 
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Toggle the switch by clicking on it: 
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FV 


->-G 




Sine Wave Scope 

Manual Switch 


Click again on the play simulation button: 

Simulation Analysis Code Tools Help 


ltd 

!□ 


ManualSwitch 

© 




<^l II> (■) | T flO^O (Normal 


Continue 


^ ManualSwitch 



FV 


->-o 




Sine Wave Scope 

Manual Switch 


And double click on the Scope (even if there is an error message!) to get: 


Scope 


m 

§ (§} | "QH |""§T1 


on 


□flEI 
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Create an RLC branch circuit 
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After link the output of the Voltage Measurement and connect them on the existing wire parts 
(you can't connect the wires between the R only or the L only or the C only with an RLC 
Branch): 



If you wan't to connect only between one of the items: 
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E 


Block Parameters: Series RLC Branch 


Series RLC Branch (mask) (link) 

Implements a series branch of RLC elements. 

Use the 'Branch type 1 parameter to add or remove elements from 
the branch. 


Parameters 

Branch type: |rlc 

. RLC 

Resistance (O 



Inductance (H rl 
— RC 
LC 


le-3 

r Set the ini t.Qpen circuit 


Capacitance (F): 


le-6 

r Set the initial capacitor voltage 


Measurements None 


OK 


Cancel 


Help 


"3 

Apply 


d 


> 


E 


Block Parameters: Series RLC Branch 


m\ 



Series RLC Branch (mask) (link) 

Implements a series branch of RLC elements. 

Use the 'Branch type 1 parameter to add or remove elements from the 
branch. 

Parameters 


Branch type: |R 
Resistance (Ohms): 


31 


Measurements 


Branch current 


E 


l 


OK 



Cancel 


Help 


Apply 


Now if we want we can do the same by using separate components and because voltage 
between the branch is almost useless we add a parallel voltage measurement one the 
capacitance and serial intensity measurement to compare results with the theory study in the 
theoretical course. 
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Following same procedure as before we build the following diagram with the idea that when 
we start the simulation, the start corresponds to change a manual switch status on ON: 


File Edit View Display Diagram Simulation Analysis Code Tools Help 


m 



Now we run with the standari 
for each scenario constant 
parameters: 


lard Simi 
arbitrary 


ulink settings three scenarios of the serial RLC by choosing 
values for the inductance and capacity with the following 



Block Parameters: L 


fc x| 


U 


Block Parameters: C 


El 


Series RLC Branch (mask) (link) 

Implements a series branch ef RLC elements. 

Use the 'Branch type 1 parameter to add er remove elements from the 
branch. 


Parameters 


Branch type: 
Inductance (H): 


| le-l 

r Set the initial inductor current 


ren- 

5 - 


Measurements |Branch current 


~3 


OK 


Cancel 


Help 


Apply 


Series RLC Branch (mask) (link) 

Implements a series branch of RLC elements. 

Use the 'Branch type' parameter to add or remove elements from the 
branch, 


Parameters 


Branch type: |§ 


E 


Capacitance (F): 


| le-3 

F Set the initial capacitor voltage 
Capacitor initial voltage (V): 

F 


Measurements |Branch voltage 


“3 


OK 


Cancel 


Help 


Apply 


Then in this case we have: 
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R „ 



1. Over-damped circuit 

For refresh this is the case where: 


R>2. 
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And for the intensity by double clicking on intensity measurement block: 



2. Critically over-damped circuit 

For refresh this is the case where: 
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When we run the simulation and we double click on the voltage measurement we get: 



And for the intensity by double clicking on intensity measurement block: 
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Series RLC Branch (mask) (link) 

Implements a series branch of RLC elements. 

Use the 'Branch type 1 parameter to add or remove elements from the 
branch. 


Parameters 


Branch type: 


3 


Resistance (Ohms): 

5 

Measurements jBranch voltage 


3 


OK 

Cancel 

Help 

Apply 



When we run the simulation and we double click on the voltage measurement we get: 
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And for the intensity by double clicking on intensity measurement block: 



To finish, if you want to hide the names of the blocks you can use (don't hesitate to make 
multiple selection!): 
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File Edit View Display Diagram Simulation Analysis Code Tools Help 
Refresh Blocks Ctrl+K 


SjJ t H 




Model Browser 


Subsystem St Model Reference 


Cs) ▼ FoT 


| Normal 




simRLC 


Rotate St Flip 
Arrange 


Font Style... 

Text Alignment ► 
Enable TeX Commands 


Mask 

Library Link 


Signals St Ports 

Block Parameters (Subsystem) 
Properties... 


Foreground Color 
Background Color 
Block Shadow 

Annotation Border 


Continuous 



powergui 
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Fuzzy Logic (Fuzzy Toolbox) 

The purpose here is to reproduce what we have spoken about in the theoretical training about 
fuzzy logic and taking into consideration the "tipper problem". 

First we create the input and output variables: 


+) MATLAB Command Window 


^Jnjx] 




» a=newfis( 
» a=adduar( 
» a=adduar( 
» a=adduar( 
» a=addmf(a 
» a=addmf(a 
» a=addmf(a 
» a=addmf(a 
» a=addmf(a 
» a=addmf(a 
» a=addmf(a 
» a=addmf(a 


Lj 


■tipper 1 ); 

a,'input','seruice',[O 10]); 
a,'input','food' , [ 0 10]); 
aoutputtip',[0 30]); 

,'input',1,'poor','gaussmf',[1.5 0]); 

,'input',1,'good','gaussmf',[1.5 5]); 

,'input',1,'excellent','gaussmf',[1.5 10]); 
input',2rancidtrapmf[-2 0 1 3]); 
input',2delicioustrapmf[7 9 10 12]); 
output',1cheaptrimf',[O S 10]); 
output',1aueragetrimf[10 15 20]); 
output',1generoustrimf[20 25 30]); 


A 


After we associate all those rules together/ 


MATLAB Command Window 


JBid 

» ruleList=[ ... 

11112 

2 0 2 1 1 


1 


32312]; 

» a=addrule(a ,ruleList); 



»i 


A 

JLl 



We can display a summary: 
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MATLAB Command Window 


» showfis(a) 




( 


1. Name 

tipper 

2. Type 

mamdani 

3. Inputs/Outputs 

[2 1] 

4. NumlnputMfs 

[3 2] 

5. NumOutputMfs 

3 

6. NumRules 

3 

7. AndMethod 

min 

8. OrMethod 

max 

9. ImpMethod 

min 

IB. AggMethod 

max 

11. DefuzzMethod 

centroid 

12. InLabels 

seruice 

13. 

food 

14. OutLabels 

tip 

15. InRange 

[0 10] 

16. 

[0 10] 

17. OutRange 

[0 30] 

18. InMfLabels 

poor 

19. 

good 

2B. 

excellent 

21 . 

rancid 

22. 

delicious 

23. OutMfLabels 

cheap 

24. 

auerage 

25. 

generous 

26. InMfTypes 

gaussmf 

27. 

gaussmf 

28. 

gaussmf 

29. 

trapmf 

3B. 

trapmf 

31. OutMfTypes 

trimf 

32. 

trimf 

33. 

trimf 

34. InMfParams 

[1.5 BOO] 

35. 

[1.5 5O0] 

36. 

[1 .5 10 0 0] 

37. 

[-2 013] 

38. 

[7 9 10 12] 

39. OutMfParans 

[0 5 10 0] 

40. 

[10 15 20 0] 

41. 

[20 25 30 0] 

42. Rule Antecedent 

[1 1] 

43. 

[2 0] 

44. 

[3 2] 

42. Rule Consequent 

1 

43. 

2 

44. 

3 

42. Rule Height 

1 

43. 

1 

44. 

1 

42. Rule Connection 

2 

43. 

1 

44. 

*l 

3 

2 


“3 


► 




Or we can ask to show the rules explicitly: 


+} MATLAB Command Window 


» showrule(a) 


JnJ^S 

—3 


ans 

- 



1. 

If 

(seruice 

is 

2. 

If 

(seruice 

is 

3. 

If 

(seruice 

is 


poor) or (food is rancid) then (tip is 
good) then (tip is auerage) (1) 
excellent) or (food is delicious) then 


cheap) (1) 

(tip is generous) 


(D 


» 


13 
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We can evaluate the output for a given output very quickly: 


MATLAB Command Window 

-jnjxjl 

1 » eualfis( [1 2], a) 

±1 

ans = 


5.5586 


;» l 

A 

jJ 


and finally to get the corresponding plot 



1 - Figure 1 

JSlx] 

File Edit View Insert 

Tools DeskJtop Window Help 



Q 6 d & 


® ^ - a 

□ 0 

□ 0 




food 


0 0 
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Neural Networks (Neural Network Toolbox) 

http://www.MathWorks.ch/ch/help/nnet/release-notes.html 

Multiple input/One output Neural Network (MIOO-NN) 


EDITOR 

PUBLISH 

VIEW 


IS M . a- 1 

I - 

«3> B © 



1 - net=netuork ( . . . 

2 5, ... ^number of inputs 

3 3,... ^number of layers 

4 [0;0;1],... %bias input for layer i (third layer only in this case) 

5 [11 100;000 11;00000],... ^original inputs coming into the layer i 

6 [0 0 0;0 0 0;1 1 0] , ... flayer i output as input of layer j 

7 [001]... %has the layer j an independant output? 

8 ) ; 

9 %we choose the transfer function for each layer 

10 %logsig, purelin, hardlim, logsig 

11 - net.layers{1}.transferFcn= 1 logsig 1 ; 

12 - net.layers{2}.transferFcn= 1 logsig 1 ; 

13 ^number of hidden layers in each layer 

14- net.layers{1}.size=l; 

15 - net.layers{2}.size=l; 

16 - net.layers{3}.size=0; 

17 - vieu(net)| 
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EDITOR 

PUBLISH 

VIEW 



IB 


1 

- 

2 

- 

3 


4 


5 


6 


7 


3 


9 


10 


11 


12 

- 

13 

- 

14 


15 

- 

16 

- 

17 

- 

13 

- 

19 

- 

20 

- 

21 

- 




|k ^ 


© 


clear all;close all;clc 
net=net¥ork( . . . 

2. . .. ^number of inputs 

3.. .. ^number of layers 

[0;0;1],,,, %bias input for layer i (third layer only in this case) 
[1 0;G 1;0 G] , . . . ^original inputs coming into the layer i 
[0 0 G;0 0 G;1 1 0], ... flayer i output as input of layer j 
[G G 1] ... %has the layer j an independant output? 

); 

%ue choose the transfer function for each layer 
%logsig, purelin, hardlim, logsig 
net.layers{1}.transferFcn= 1 logsig 1 ; 
net.layers{2}.transferFcn= 1 logsig 1 ; 

^number of hidden layers in each layer 

net.layers{1}.size=l; 

net.layers{2}.size=l; 

net.layers{3}.size=0; 

net.inputs{1}.name= 1 X_trainingl 1 ; 

net.inputs{2}.name= 1 X_training2 1 ; 

net.outputs{1}.name= 1 Y_training' ; 

view(net); 
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Now let us train the Neural Network: 


EDITOR 

PUBLISH 

VIEW 



btii Eg ... ji ^ B 0 


1 

- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


12 

- 

13 

14 

" 

15 

- 

16 

- 

17 

- 

18 

- 

19 

- 

20 

- 

21 

- 

22 

23 


24 

- 

25 

- 

26 

- 

27 

- 

28 

- 

29 

- 

30 

- 


clear all; close all;clc 
net=network(... 

2,... ^number of inputs 
3, .. . ^number of layers 

[0;0;1],... %bias input for layer i (third layer only in this case) 

[1 O;0 1;0 O ] f ... ^original inputs coming into the layer i 
[O O O;0 O 0;1 1 O],... % layer i output as input of layer j 
[O O 1] ... %has the layer j an independant output? 

) ; 

%ue choose the transfer function for each layer 
^logsig, purelin, hardlim, logsig 
net.layers{1}.transferFcn= 1 logsig 1 ; 
net.layers{2}.transferFcn= 1 logsig 1 ; 

^number of hidden layers in each layer 

net.layers{1}.size=l; 

net.layers{2}.size=l; 

net.layers{3}.size=0; 

net.inputs{1}.name= 1 X_trainingl 1 ; 

net.inputs{ 2 }.name= 1 X_training2 1 ; 

net.outputs{1}.name= 1 Y_training‘ ; 

net.numinputs = 2; 

view(net) ; 

X_training=double(dataset( 1 XLSFile 1 , 1 c:\tmp\nn\NeuralNetuorkTrainingSet.xls 1 )); 
X_trainingl=X_training( = ,1:3) ; 

X_training2=X_training(:,4:5); 

Y_training=double(dataset( 1 XLSFile 1 f 1 c:\tmp\nn\NeuralNetuorkTrainingTarget.xls 1 )); 
net.trainFcn= 1 trainlm 1 ; 
net.performFcn= 1 mse 1 ; 

net=train(net,{X trainingl';X training2 1 },Y training 1 )! 
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Command Window 


® 

net = 


A. 

Neural Network 



name : 

'Custom Neural Network 1 


efficiency: 

. cacheDelayedlnputs , . flattenTime, 

.memoryReduction, . flattenedTime 


userdata: 

(your custom info) 


dimensions: 



numlnputs : 

2 


numLayers : 

3 


numOutputs : 

1 


numlnputDelays : 

0 


numLayerDelays : 

0 


numFeedbackDelays : 

0 


numWeightElements : 

s 


sampleTime : 

1 


connections: 



biasConnect : 

[0; 0; l] 


inputConnect : 

[1 0; 0 1; 0 0] 


layerConnect : 

[0 0 0; 0 0 0; 110] 
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h 


outputConnect : 

subobjects: 

inputs : 

layers : 
outputs : 

biases : 
inputWeights : 

layerUeights : 

functions: 


[0 0 

1] 


{2x1 

cell 

array 

{3x1 

cell 

array 

{ 1x3 

cell 

array 

{3x1 

cell 

array 

{3x2 

cell 

array 

{3x3 

cell 

array 


of 

2 

inputs} 

of 

3 

layers} 

of 

1 

output} 

of 

1 

bias} 

of 

2 

weights} 

of 

2 

weights} 


adaptFcn : 

adaptFaram : 

derivFcn : 
divideFcn : 
divideFaram : 
divideMode : 

initFcn : 
performFcn : 
performFaram : 

plotFcns : 
plotFarams : 

trainFcn : 

trainParam: 


weight and bias 

IW: 

LW: 

b: 


methods: 


adapt : 
configure : 

gens im : 

init : 
perform : 

sim : 
train : 
view: 
unconfigure : 


(none) 

(none) 

1 defaultderiv 1 
(none) 

(none) 

1 sample 1 
1 initlay 1 
1 mse 1 

■ regularization , ■ normalization 
{ } 

{1x0 cell array of 0 params} 

1 trainlm 1 

. showUindow , . showCommandLine , . show , . epochs , 

. time , . goal , . min_grad , . max_fail , . mu , . mu_dec , 

.mu inc, .mu max 



values: 


{3x2 cell} containing 2 input weight matrices 
{3x3 cell} containing 2 layer weight matrices 
{3x1 cell} containing 1 bias vector 


Learn while in continuous use 
Configure inputs £ outputs 
Generate Simulink model 
Initialize weights £ biases 
Calculate performance 

Evaluate network outputs given inputs 
Train network with examples 
View diagram 

Unconfigure inputs £ outputs 


evaluate: 


outputs = net(inputs) 
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>> net.IW 


[1x3 double] 


[] 


[] 

[] 


[1x2 double] 

[] 


» net.IW{1} 

ans = 

-0.0480 0.0673 -0.0585 

>> net.IW{2,2} 

ans = 

0.0532 -0.0078 

>> net.LW 

ans = 


[] 

[] 


[] [] 

[] [] 


[10.4258] 


[10.7986] [] 



\ 



>> net.b 



[] 

[] 

[20.2050] 
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Command Window 


® 


» mode 1= [cel 12mat (net ({ X trainingl';X training2 1 })) 1 ,Y training] 



model = 




32.4325 

32.5000 



33.3047 

33.5000 



33.0391 

33.0000 



32.7406 

33.6250 



32.9124 

32. 1250 



32.9916 

32.2500 



32.7703 

32.7500 



32.5749 

33. 1250 



32.4162 

32.8750 



32.1965 

32.2500 



31.9064 

32. 1250 



31.5933 

31.7500 



31.5004 

30.8750 



31.7761 

31.3750 


h 

»l 




Command Window 

>> plot(1:14,model(:,1),1:14,model(:,2)) 
>> legend( 1 Model 1 , 1 Reality 1 ) 

Jx » 


© 


1 Figure 1 





miMM 

File Edit View Insert 

Tools Desktop Window Help 





d a y & | fe 


p] 

□ 

m 

□ q 
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Command Window 


» SSE=sum((model(:,1)-model(:,2)). A 2] 
SSE = 

3.1371 


h » I 

Worse than with Microsoft Excel... 
To compare with Microsoft Excel: 





Reseau de neurones 


-*— Mesures 
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EDITOR 

PUBLISH 

VIEW 





H - B (?) 


43 %- 

44 %and what about back-testing? 

45- X_test1=[8.25 8 8.13 8 8.63 9.25;... 

46 39.13 37.63 38.88 39.13 41.38 42.25;... 

47 51 50.25 52.25 51.63 53.38 53.88]; 

43- X_test2=[30.13 28.88 30.38 29.25 29.75 31.25;... 

49 54 53 56.25 54.88 57 57.88]; 

50- Y_test=[30.88 32.25 34.25 34.25 34.75 36.63]; 

51 - model= [cell2mat (net ({ X_test 1; X_test2 } ) ) 1 , Y_test 1 ] 

52 - plot(1:6,model(:,1),1:6,model(:,2)); 

53 - legend( 1 Model 1 , 1 Reality 1 ); 

54 - S S E = s uiti ( (model ( : , 1) -model ( : ,2) ) . A 2) 


Command Window 


» X_test1=[8.25 8 8.13 8 8.63 9.25;... 

39.13 37.63 38.88 39.13 41.38 42.25;... 

51 50.25 52.25 51.63 53.38 53.88]; 

X_test2 =[30.13 28.88 30.38 29.25 29.75 31.25;... 

54 53 56.25 54.88 57 57.88]; 

Y_test=[30.88 32.25 34.25 34.25 34.75 36.63]; 
model=[cell2mat(net({X_test1;X_test2})) 1 ,Y_test 1 ]; 
plot(1:6,model(:,1),1:6,model(:,2)); 
legend( 1 Model 1 , 1 Reality 1 ); 

SSE=sum((model(:,1)-model(:,2)). A 2) 

SSE = 

49.0972 


» 
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Image Processing (with Image Processing and 
Acquisition+Statistical Toolboxes) 

Play with the image tool wizard 
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Image Tool 1 - Lenna.png 


Pixel info: (X, Y) [R G B] 


File Tools Window Help 

J ^ O 
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Convert image to black a 


This is especially useful for so 
purpose is to make perimeter detec 



notions as for example the bwperim() whose 
& white image: 


> 1 MATLAB Command Window 


» ing=inread('Circuit_Ref.jpg'); 
» img=buperim(im2bu(img)); 

» imshou(img) 

» I 
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j Figure 1 

^J2|x| 

File Edit View Insert Tools DeskJtop Window Help 




M ^ ^ ® i ^ - 

a 

□ e 

□ 0 
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n © « 


Resize an image 


* ' MATLAB Command Window 


» img= imresize(imread('c:\tmp\M33.tif'),[500, 500]); 
imshow(img) 


^JnJxJ 
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Figure 1 




File Edit View Insert Tools Desktop Window Help 




Q £9 a .& | k | % % f? ® A -1 5 

Mas 

■ 0 



Image as a function 
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1- Figure I 





HEIQl 

File Edit View Insert 

Tools DeskJtop 

i Window Help 



O & d & 


% <1 « 

© 41 

□ E3 

□ 0 


400 

200 

0 

600 


Image Isophobes 
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Image histogram 


MATLAB Command Window 


» ing=inread('c:\tnp\Lenna.png'); 

» ing=rgb2gray(ing); 

» imhist(img) 

» figure 
imshou(img) 

Warning: Image is too big to fit on screen; displaying at 67% 
> In imuitools\priuate\initSize at 72 
In imshow at 283 


LIME] 

—3 


I 


UJ 


A 
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Filters (blur, motion) on an image 



w 
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Partially blur an image 

Everybody knows what is the purpose of such applications. So let we see an example! This 
example comes from the "Two amigos" Mathworks contest. 

Put a filter on an image can seem easy but actually with MATLAB it is not. See us how to do 
this: 
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1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


I=imread( 1 C:\tmp\Lenna.jpg' ); 

blurRadius = 20; 

% Select 1 Bob 1 region 
bobRectX = 170:290; 
bobRectY = 170:290; 

% Calculate weights for the blur filter 

w = [(blurRadius + 1):—1:1 2:(blurRadius +1)]; 

w2 = repmat(w, length(w) , 1); 

weights = 1 ./ (w2 + w2 1 ); 

weights = weights / sum[weights(:)) ; 

% Temporarily extend image bottom 

bottom = repmat(I(end, :, : ), blurRadius, 1); 

I = [I; bottom]; 

% Extend rectangle 

extendedX = (min(bobRectX) - blurRadius):(max(bobRectX) + blurRadius) 
extendedY = (min(bobRectY) - blurRadius):(max(bobRectY) + blurRadius) 
% Apply filter to valid region 
i = 1: 3| 

I[bobRectX, bobRectY, i) = ... 

filter2[weights, I(extendedX, extendedY, i), 'valid'); 

L end 

% Remove the extension to the bottom of the image 
I = 1(1:(end - blurRadius), :, : ); 

image(I) 


This gives: 
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Crop an image 



We can also crop the image be specifying the area: 

imcrop(img,[xmin ymin width height]) 
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EDITOR 

PUBLISH 

VIEW 


© H .. - 

® B ® 


1 %Fill in specified region of interest (ROI) polygon in grayscale image 

2 clear all;clc| 

3 I = imread( 1 eight.tif 1 ) ; 

4 c = [222 272 300 270 221 194 222]; 

5 r = [21 21 75 121 121 75 2 1]; 

6 J = roifill (I,c,r); 

7 figure, imshow(J) 

3 hold on; 

9 plot(c,r, 'LineWidth 1 , 3, 'Color 1 , 'r'); 


v 

v 

/ 


Convert a *.gif file into an *.avi 

This is sometimes a request of some MATLAB users that have some animated chart as *.gif 
without having the original source code or data and have then no other choices than convert 
the *.gif into *.avi to have video. 

Suppose we have the following animated *.gif file for the example: 
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TC Walkinaman.gif - Aoercu des... BEE 



The script will use the function immovie(): 

S H A M ^ 


1 ^convert a *.gif to a move file without compression and 3 frames per 

2 ^second 

3 [A,map]=imread( 1 E:\Walkingman.gif 1 , 1 frames 1 , 1 all 1 ) ; 

4 mov=immovie(A,map); 

5 movieSavi(mov^ 1 C:\tmp\Walkingman.avi 1 , 1 compression 1 , 1 None 1 , 1 fps 1 ,3) ; 


Then we get a new file: 




mmm 


> 


C- 


Fichier Edition Affichage Favoris Outils ? 


o Precedents ▼ ^ 


Adresse |5" C:\tmp 


ft 


c 




Bureau 

B 0 Mes documents 
El J Poste de travail 

ED Disquette 3^ (A:) 

13 Disque local (C:) 

El S) Application 
E Q Documents and Settings 
ED S) Inetpub 
B |£) MAPLEV4 
ED Si myplus 
El Si mysqlconnector 
E S oradexe 
+ S Program Files 
±1 S sqljdb 

S [ 


ace aisc 


ia< 


w 


Walkingman.avi 
VLC media file (.avi) 
T522 Ko 


ll 


M 


1 objet(s) (Espace disque disponible : 12.1 Go) 1.48 Mo 


| J Poste de travail 


And if we play it: 
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« Walkingman.avi - Lecteur multimedia VLC 

sil 


Media Lecture Audio Video Sous-titres Outils Vue Aide 
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Overlay images with masks 


Mononoke5pirits.jpg - Aperqu des images et des telecopies Windows 


O 


MononokeWolf.jpg - Aperqu des images et des telecopies Windows 






MATLAB 


1205/1357 






















Vincent ISOZ, Daname KOLANI 


Sciences.ch 



1 - background=imread ( 1 C : \ tmp\MononokeForest. jpg' ) ; 

2 - imgSpirits=imi:ead ( 1 C : \ tmp\MononokeSpirits . jpg' ) ; 

3 - imgWoIf =imread ( 1 C : \ tmp\MononokeWolf . jpg' ) ; 

4 

5 % Image addition 

6 %Both A and B ate of same size 

7 - imgOver=imgSpii:its + imgWolf; 

8 - imshou(imgOvet) | 
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EDITOR 

PUBLISH 

VIEW 



I4J. tai ^ i© 


1 - close all;clear all;clc 

2 - background=imread( 1 C: \ tmp\MononokeForest.jpg' ); 

3 - imgSpirits=imread( 1 C:\tmp\MononokeSpirits.jpg' ); 

4 - imgWolf=imread ( 1 C : \ tmp\ MononokeWolf . jpg' ) ; 

5 

6 % Image addition 

7 %Both A and B are of same size 

8 - imgOver=imgSpirits+imgWolf; 

9 

10 %ue create the mash 

11 - tiackground=imresize (background, [size ( imgOver, 1) size ( imgOver, 2 ) ] ) ; 

12 - Im3=uintS(zeros(size(imgOver))); 



whitelmg=uint8(ones(size(imgOver) ) ) ; 
mask=uhiteImg./imgOver; 

im3=uint8(masksimgOver); Quints(and(mask,background) 
imshou(mask) 
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EDITOR 

PUBLISH 

VIEW 



ia is . * <§> b © 


1 - close all;clear all;clc 

2 - background=imread ( 1 C : \ tmp\HononokeFouest. jpg' ) ; 

3 - imgSpirits=imread ( 1 C : \ tmp\MononokeSpirits . jpg' ) ; 

4 - imgWolf=imread ( 1 C : \ tmp\ MononokeWolf - jpg' ) ; 

5 

6 % Image addition 

7 %Both A and B ate of same size 

8 - imgOver=imgSpirits+imgWolf; 

9 

10 %ue create the mask 

11 - background=imresize (background, [size ( imgOver, 1) size ( imgOver, 2 ) ] ) ; 

12 - Im3=uintS(zeros(size(imgOver))); 

13 - whitelmg=uint8(ones(size(imgOver))); 

14 - mask=uhiteImg./imgOver; 

15 - im3=uintS(masksimgOver); Quints(and(mask,background) ) ; 

16 

17 %we add the two images 

13 - finallmg=(background)+imgOver; 

19 - imshow(finallmg); 



Figure 1 


File Edit View Insert Tools Desktop Window Help 


UMB 


o a a | fe| ■% % o ®'g^H | 2>los|a0 
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Compare Images in colormapping 



f'i MATLAB Command Window 


» [ini,map1]=imread('Changel.gif'); 
» [in2,map2]=imread('Change2.gif'); 
» im_diff=imsubtract(im1,im2); 

» inshow(in_diff); 

» colornap(jet); 

» set(gcaclin',[ 0 , 60 ]); 



» 


LI 



| •) Figure 1 


=inj xj 

File Edit View Insert 

Tools Desktop Window Help 


Li icj d ^ | 

| % % ® * | a | □ Idll ■ □ 



t 
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Sliding Neighborhood Operations 

Each center pixel value is determined by applying some algorithm to its neighboring pixels of 
a defined size - neighborhood. 



nlfilter() works only with on color layer at a time or with gray/color images: 
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Or with a much more faster ft 
given color layer: 


tion and other statistical filter by application on only one 
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MRI (Magnetic Resonance Imaging) Dataset 


EDITOR 

PUBLISH 

VIEW 


SB loj . 

B © 


1 %load MRI dataset: 27 slices of 128x123 images 

2 load mui 

3 D = squeeze(D); % 27 2D-images 

4 

5 %#vieu a given slice 

6 figure( 1 2 3 4 5 6 7 8 9 Colormap 1 , map) 

7 slice_number_to_view=9; 

8 image(D(:,:,slice_number_to_view)) 

9 axis image 
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Animate all images on over the other: 



V 


1 

2 

3 

4 

5 

6 

7 

8 
9 


load mri; 

D=squeeze (D); 

[N, M, k]=size[D); 
□ for i=l:k; 


figure,image(D(:,:,i)); 
axis image; 
colormap(map); 

end; 

close all; 


Or: 
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1 

load mri; 



2 

D=squeeze(D); 



3 




4 

subplot (2,2,1J 

, image(D( 

,:,£>)) 

5 

subplot (2,2,2) 

, image(D( 

,:,U) 

6 

subplot (2,2,3) 

, image(D( 

,:,3)) 

7 

subplot (2,2,4) 

, image(D( 

, :,7) ) 


1 - Figure 1 




^]°l*l 

File Edit View Insert Tools DeskJtop Window Help 





It I \s ^ ^ ® & - 

l=T] 

□ B 

■ 0 



20 

40 

60 

80 

100 

120 




20 40 60 80 100 120 


20 40 60 80 100 120 



20 40 60 80 100 120 



40 60 80 100 120 


Now we change the aspect: 
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1 load mri; 

2 D=squeeze(D) ; 

3 

4 slice_number_to_vieu=9; 

5 cm = brighten(jet[length(map)),-.5); 

6 figure( 1 2 3 4 5 6 7 8 Colormap 1 ,cm); 

7 contourslice(D, [] , [] ,slice_number_to_view); 

8 axis image; 
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1 load inri; 

2 D=squeeze (D); 

3 

4 figure( 1 Coloumap 1 , brighten(jet(length(map)),5)); 

5 contours lice (D, [] , [] , [1, 12,19,2 7] ,8) ; 

6 vieu(3); axis tight;! 
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| - Figure 1 
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1 load mri; 

2 D=squeeze (D) ;| 

3 

4 figure( 1 Colormap 1 , torighten(jet(length(map)),5)) 

5 contourslice(D,[],[],l:size(D,3)) 

6 colormap(map), view(3), axis tight 

7 



MATLAB 


1216/1357 



















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


4 Figure 1 
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1 

load mui; 


2 

3 

D=squeese(D); 


4 

[x,y,z,D]=subvolume(D,[60,80, nan,BO, nan, nan] ) ; 


5 

pl=patch(isosurface(x,y,z,D,5) , 1 FaceColon 1 , 1 red 1 , 

1 Edgecolou 1 , 1 none 1 ); 

6 

isonoumals(x,y,z,D,pl) ; 


7 

p2=patch(isocaps(x,y,z,D,5), 1 FaceColor 1 , 1 inteup 1 , 

1 Edgecolou 1 , 1 none 1 ) ; 

8 

view(3); axis tight; daspect ( [1,1,.4]);coloumap[gray(100)) 

9 

camlight right ;camlight left ; 1 ighting gouraud] 
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Figure 1 
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load 

inr i; 



2 D=squeese(D) ; 

3 | 

4 figure( 1 Colormap 1 ,brighten(jet(length(map)),-.5)); 

5 D = sinooth3 (D) ; 

6 p = patch( isosurface(D,5) ); 

7 isonormals(D, p) ; 

8 set(p, 1 FaceColor 1 , [1, .75, .65], 1 EdgeColor 1 , 1 none 1 ) 

9 daspect([1 1 .5]), view(3), axis tight, axis vis3d 

10 camlight, lighting gouraud 
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VIEW 
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3© 



load mri; 




2 D=squeeze(D); 

3 

4 figure( 1 Colormap 1 ,brighten(jet(length(map)),-.5)); 

5 D = smooth3(D); 

6 p = patch( isosurface(D,5) ); 

7 isonormals(D, p) ; 

3 set(p, 1 FaceColor 1 , [1, .75, .65] , 1 EdgeColor 1 , 1 none 1 ) 

9 daspect([l 1 .5]), view(3), axis tight, axis vis3d 

10 camlight, lighting gouraud 

11 

12 patch(isocaps(D, 5) , 1 FaceColor 1 , 1 interp 1 , 1 EdgeColor 1 , 1 none 1 ); 

13 colormap(map) | 
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Objects recognition and extraction 

Extraction without reference images 
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1 - 

2 

3 - 

4 - 

5 

6 

7 - 
3 - 
9 - 
10 
11 

12 - 

13 - 

14 - 

15 

16 

17 - 
13 

19 

20 - 
21 
22 

23 - 

24 - 

25 - 

26 - 
27 - 


I=imread ( 1 C : \ tmp\ Fruits . jpg' ) ; 

figure( 1 ); 
imshou (I) ; 

%Convert the Image to binary 
BW=imcomplement(im2bw(I)); 
figure( 2 ); 
imshou (BW) ; 

%Fill the holes 
C=imfill(BW , 1 holes' ) ; 
figure(3) ; 
imshou(C) ; 

%Label the connected components 
[Label, Total] =bwlabel (C) ; 

^Rectangle containing the region 
Sdata=regionprops(Label, 1 BoundingBox 1 ) ; 



%Crop all the Coins 
E for i=l:Total 

Img=imcrop(I,Sdata(i).BoundingBox); 

Name = strcat ( 1 Object Number: 1 ,num2str(i) ) ; 
figure,imshow(Img); title(Name); 

end 
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1 ^morphological techniques of erosion and dilation. 

2 BUI = imread{ 1 circbu.tif 1 ); 

3 SE = strel ( 1 rectangle 1 ,[40 30]); 

4 BU2 = imerode(BU1,SE); 

5 BU3 = imdilate(BU2 ,SE) ; 

6 L = towlabel(BU3); 

7 RGB = latoel2rgto(L, 1 spring 1 , 1 c 1 , 'shuffle'); 

8 imshou (RGB) ;| 


| - Figure 1 
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1 - clear all;close all;clc 

2 - template = importdata( 1 C:\tmp\Waldo.png 1 ); 

3 - im = importdata( 1 C:\tmp\FindUaldo.jpg' ); 

4 

5 %ue show the images 

6 - imagesc(im); axis image; 

7 - figure; 
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1 Figure 1 
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- 
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20 

- 

21 

- 

22 


23 


24 


25 
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%we convert in grayscale 
template = mean(template, 3); 
im = mean(im, 3); 

^search 3D correlation using the normxcorr2 function 

hot the image processing toolbox 

figure; 

¥ = normxcorr2(template, im); 
imagesc(¥); axis image; colormap( 1 jet 1 ); 

¥1 = ¥( : ) ; 
size(¥1); 

% we search the max correlation 

% I gives the number of pixel (we will get the coordinates later with 
% ind2sub() function 
[C, I] = max(¥1); 
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zoom: 
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Command Window 


>> C 

C = 

1-0000 

>> I 

I = 

1450404 

>; » | 
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26 


21 

- 

28 

29 

_ 

30 

- 

31 

32 

_ 

33 

- 

34 

- 

35 

- 

36 

- 


figure; 

%we prepare the image to show where is Waldo 
imagesc(im); axis image; colormap( 1 gray 1 ); 
hold on; 

[y, x] = indSsub (size (W) , I) 
scatter (x, y, 1 rH- 1 } ; 

scatter(x - size(template, 2), y, 'r+'); 
scatter(x, y - size(template, 1), 1 r+ 1 ); 

scatter(x - size(template, 2), y - size(template, 1), 'r+'); 



if we zoom: 
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1 - Figure 4 
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Image filters (convolution) 
Gaussian (blur) filter 
1 st method using imfilterQ 
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1 

- 

clear all;close all;clc 

2 

- 

img=imread( 1 C:/tmp/Lenna.png 1 ); 

3 

- 

img=im2double( img) ; 

4 

- 

matrix conv size=10; 

5 

- 

sigma=3; 

6 

- 

filter=fspecial( 1 gaussian 1 ,matrix 

7 

- 

surf(filter) ; 

8 

- 

conv=imfiIter(img,fiIter); 

9 


figure 

10 

- 

irnshou(conv) 


I-. 1 Figure 1 

File Edit View 
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0.02 
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0.01 

0.005 
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10 
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10 


conv size,sigma); 





- 
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2 nd method using convnQ 

© a - 
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- 
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10 

- 

11 
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%Color images are 3 dimensional arrays [x,y f color). 

%conv2() is only defined for 2-dimensions, so it won't work directly on a 3D array. 

^Solution: use convn 

clear all;close all;clc 

img=imread( 1 C:/tmp/Lenna.png 1 ); 

img=im2 doub le(img); 

matrix_conv_sise=10; 

sigma=3; 

filter=fspecial( 1 gaussian 1 ,matrix_conv_size,sigma); 
conv=convn(img,filter); 
imshow(conv) 


E 
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3 rd method using conv2() 
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- 
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- 

7 

- 

8 
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10 
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%conv2() is only defined for 2-dimensions so ue have to work 

%on a grayscale image 

clear all;close all;clc 

img=imread( 1 C:/tmp/Lenna.png 1 ); 

img=rgb2gray(img); %img=uintS(repmat(mean(img,3),[1,1,3])); 
matrix_conv_size=10; 
sigma=3; 

filter=fspecial( 1 gaussian 1 ,matrix_conv_size,sigma); 
conv=conv2(img,filter); 
imshou(uintS(conv) ) ; 


+j Figure 1 


File Edit View Insert Tools Desktop Window Help 


□sE' 


■J d d i fe \ % f? ® « A 


i=a 


□ GO □ 0 



MATLAB 


1232/1357 























Vincent ISOZ, Daname KOLANI 


Sciences.ch 


External Camera Acquisition 
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-4k MATLAB Command Window 


» frame=getsnapshot(uid); 
» image(frame); 


/ 



MATLAB 


1234/1357 




























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


r - 
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Acquisition Parameters 

General | Device Properties | Logging" 


Triggering 


Reg 


ion 


of Interest 



|f !!”! Select or Edit 

Hj^&et| 
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Bioinformatic (with Bioinformatics and Statistics 
Toolbox) 

The Bioinformatics Toolbox extends MATLAB to provide an integrated and extendable 
software environment for genome and proteome analysis. Together, MATLAB and the 
Bioinformatics Toolbox give scientists and engineers a set of computational tools to solve 
problems and build applications in drug discovery, genetic engineering and biological 
research. 

You can use the basic bioinformatic functions provided with this toolbox to create more 
complex algorithms and applications. These robust and well tested functions are the functions 
that you would otherwise have to create yourself. 

• Data formats and databases — Connect to Web accessible databases. Read and 
convert between multiple data formats. 

• Sequence analysis — Determine statistical characteristics of data. Manipulate and 
align sequences. Model patterns in biological sequences using Hidden Markov Model 
(HMM) profiles. 

• Phylogenetic analysis — Create and manipulate phylogenetic tree data. 

• Microarray data analysis — Read, normalize, and visualize microarray data. 

• Mass spectrometry data analysis — Analyze and enhance raw mass spectrometry data. 

• Statistical Learning — Classify and identify features in data sets with statistical 
learning tools 


Complete missing values 

It is quite strange that the method of k-NN is implemented only in the bioinformatics toolbox 
to impute missing values in a dataset, it should also be in the Financial Toolbox and the 
Statistical and Learning Toolbox but nevermind... 

So first here are the data with the ad-hoc transformation with will deal with before using the 
k-NN: 
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MATLAB Command Window — □ X 


» mydata=dataset('File','c:/tmp/KnnImpute.csu','Delimiter',';'); 
» mydata=dataset2table(mydata) 

mydata = 

15X4 table 


Fleur 

LongueurSepale 

LargeurSepale 

LongueurPetale 

1 

5.1 

NaN 

1.4 

2 

4.9 

3 

1.4 

3 

4.7 

3.2 

1.3 

4 

4.6 

3.1 

1.5 

5 

5 

3.6 

NaN 

6 

7 

3.2 

4.7 

7 

6.4 

3.2 

4.5 

8 

6.9 

3.1 

4.9 

9 

5.5 

2.3 

4 

10 

NaN 

2.8 

4.6 

11 

6.3 

3.3 

6 

12 

5.8 

2.7 

5.1 

13 

7.1 

3 

NaN 

14 

6.3 

2.9 

5.6 

15 

6.5 

3 

5.8 


» mydata=(table2cell(mydata)) 
mydata = 

15x4 cell array 


i i] 

[5.1000] 

[ NaN] 

[1.4000] 

[ 2] 

[4.9000] 

[ 3] 

[1.4000] 

[ 3 ] 

[4.7000] 

[3.2000] 

[1.3000] 

[ 4 ] 

[4.6000] 

[3.1000] 

[1.5000] 

[ 5] 

[ 5 ] 

[3.6000] 

[ NaN] 

[ 6 ] 

[ 7] 

[3.2000] 

[4.70OO] 

[ ?! 

[6.4000] 

[3.2000] 

[4.5000] 

[ 8] 

[6.9000] 

[3.1000] 

[4.9000] 

[ 5 ] 

[5.5000] 

[2.3000] 

[ *] 

[10] 

[ NaN] 

[2.8000] 

[4.6000] 

[11] 

[6.3000] 

[3.3000] 

[ 6 ] 

[12] 

[5.8000] 

[2.7000] 

[5.1000] 

[13] 

[7.1000] 

[ 3] 

[ NaN] 

[14] 

[6.3000] 

[2.9000] 

[5.6000] 

[15] 

[6.5000] 

[ 3] 

[5.8000] 


» mydata=cell2mat(mydata) 
mydata = 


1.0000 

5.1000 

NaN 

1.4000 

2.0000 

4.9000 

3.0000 

1.4000 

3.0000 

4.7000 

3.2000 

1.3000 

4.0000 

4.6000 

3.1000 

1.5000 

5.0000 

5.0000 

3.6000 

NaN 

6.0000 

7.0000 

3.2000 

4.7000 

7.0000 

6.4000 

3.2000 

4.5000 

8.0000 

6.9000 

3.1000 

4.9000 

9.0000 

5.5000 

2.3000 

4.0000 

10.0000 

NaN 

2.8000 

4.6000 


< > 


And now we run the k-NN with the knnimpute( ) function: 
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■4 MATLAB Command Window —OX 


[13] 

[7.1O00] 

[ 3] 

[ NaN] 

[14] 

[6.3000] 

[2.9000] 

[5.6000] 

[15] 

[6.5000] 

[ 3] 

[5.8000] 

» mydata=cell2nat(nydata) 


nydata = 

1.0000 

5.1000 

NaN 

1.4000 

2.0000 

4.9000 

3.0000 

1.4000 

3.0000 

4.7000 

3.2000 

1.3000 

4.0000 

4.6000 

3.1000 

1.5000 

5.0000 

5.0000 

3.6000 

flETff 

6.0000 

7.0000 

3.2000 

4.7000 

7.0000 

6.4000 

3.2000 

4.5000 

8.0000 

6.9000 

3.1000 

4.9000 

9.0000 

5.5000 

2.3000 

4.0000 

10.0000 

NaN 

2.8000 

4.6000 

11.0000 

6.3000 

3.3000 

6.0000 

12.0000 

5.8000 

2.7000 

5.1000 

13.0000 

7.1000 

3.0000 

NaN 

14.0000 

6.3000 

2.9000 

5.6000 

15.0000 6.5000 

» knninpute(mydata) 

3.0000 

5.8000 

ans = 

1.0000 

5.1000 

1.4000 

1.4000 

2.0000 

4.9000 

3.0000 

1.4000 

3.0000 

4.7000 

3.2000 

1.3000 

4.0000 

4.6000 

3.1000 

1.5000 

5.0000 

5.0000 

3.6000 

3.6000 

6.0000 

7.0000 

3.2000 

4.7000 

7.0000 

6.4000 

3.2000 

4.5000 

8.0000 

6.9000 

3.1000 

4.9000 

9.0000 

5.5000 

2.3000 

4.0000 

10.0000 

4.6000 

2.8000 

4.6000 

11.0000 

6.3000 

3.3000 

6.0000 

12.0000 

5.8000 

2.7000 

5.1000 

13.0000 

7.1000 

3.0000 

3.0000 

14.0000 

6.3000 

2.9000 

5.6000 

15.0000 

6.5000 

3.0000 

5.8000 

» 


Access sequence databases 

You can directly access public databases on the Web and copy sequence and gene expression 
information into MATLAB. 


The sequence databases currently supported are GenBank (getgenbank), GenPept 
(getgenpept), European Molecular Biology Laboratory EMBL (getembl). Protein Sequence 
Database PIR-PSD (getpir), and Protein Data Bank PDB (getpdb). You can also access data 
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from the NCBI Gene Expression Omnibus (GEO) web site by using a single function 
(getgeodata). 

Or you can ead data generated from gene sequencing instruments (scfread, joinseq, traceplot) 
and mass spectrometers (jcampread). 


-> NCBI 


M W iGenome 


| PubMed tfudeot: 

ide Protein Genome Structure 

PMC Taxo n< 

>my OMIM | 

I Search [Genome 

*] for |mitochondrion homo %np»en% 


Go [ Cleat 


Limits Preview/Index History 

Clipboard 

. e tails 



Display | Summary 7 ] Show f^O™3 Send to [ Text 

Items 1*9 of 9 One page 

r 3s K^^)180^ Links 

fTSmc^apiens mitochondrion, complete genome(12188] 
tpl 179818621 ref INCJXU807 41 



- MATLAB Command Window 


» mitochondria = getgenbank('NC0018O7','SequenceOnly',true); 

Warning: The record NC 001807 has been suppressed in the NCBI database. 

Returning record NC 001807 

> In bioinfo\priuate\getncbidata>accession2gi at 405 
In bioinfo\priuate\getncbidata at 184 
In getgenbank at 67 
» » mitochondria 

mitochondria = 

GATCACAGGTCTATCACCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTATTTTCGTCTGGGGGGTGTGCACGCGATAGCATTGCGAGACG 
CGAAAGTGGCTTTAACATATCTGAACACACAATAGCTAAGACCCAAACTGGGATTAGATACCCCACTATGCTTAGCCCTAAACCTCAACAGTTAAAT 
TTTAAATTTGCCCACAGAACCCTCTAAATCCCCTTGTAAATTTAACTGTTAGTCCAAAGAGGAACAGCTCTTTGGACACTAGGAAAAAACCTTGTAG 
TTCAGACCGGAGTAATCCAGGTCGGTTTCTATCTACTTCAAATTCCTCCCTGTACGAAAGGACAAGAGAAATAAGGCCTACTTCACAAAGCGCCTTC 
CTACTTCTAACCTCCCTGTTCTTATGAATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCATACACCTCCTATGAAAAAACTTCCTACCAC 
ACTACTCAACTTAAACTCCAGCACCACGACCCTACTACTATCTCGCACCTGAAACAAGCTAACATGACTAACACCCTTAATTCCATCCACCCTCCTC 
TGACTAGTTCCCCTAATAATCGGTGCCCCCGATATGGCGTTTCCCCGCATAAACAACATAAGCTTCTGACTCTTACCTCCCTCTCTCCTACTCCTGC 
ATCTAACTTTCTTCCCACAACACTTTCTCGGCCTATCCGGAATGCCCCGACGTTACTCGGACTACCCCGATGCATACACCACATGAAACATCCTATC 
AACCACAGTTTCATGCCCATCGTCCTAGAATTAATTCCCCTAAAAATCTTTGAAATAGGGCCCGTATTTACCCTATAGCACCCCCTCTACCCCCTCT 
CAATCACATGCCTATCATATAGTAAAACCCAGCCCATGACCCCTAACAGGGGCCCTCTCAGCCCTCCTAATGACCTCCGGCCTAGCCATGTGATTTC 
CCTTCTTATTATTTGATCTAGAAATTGCCCTCCTTTTACCCCTACCATGAGCCCTACAAACAACTAACCTGCCACTAATAGTTATGTCATCCCTCTT 
AACACCCTAGGCTCACTAAACATTCTACTACTCACTCTCACTGCCCAAGAACTATCAAACTCCTGAGCCAACAACTTAATATGACTAGCTTACACAA 
CCATTGGTCTTAGGCCCCAAAAATTTTGGTGCAACTCCAAATAAAAGTAATAACCATGCACACTACTATAACCACCCTAACCCTGACTTCCCTAATT 
TTCCTGCACATCTGTACCCACGCCTTCTTCAAAGCCATACTATTTATGTGCTCCGGGTCCATCATCCACAACCTTAACAATGAACAAGATATTCGAA 
ACCACCCCATCATACTCTTTCACCCACAGCACCAATCCTACCTCCATCGCTAACCCCACTAAAACACTCACCAAGACCTCAACCCCTGACCCCCATG— 1 
CAAACAACCCCCTAGGAATCACCTCCCATTCCGATAAAATCACCTTCCACCCTTACTACACAATCAAAGACGCCCTCGGCTTACTTCTCTTCCTTCT 
AGATAGGGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCT T 

iJ I 


GCT 


Note: If you don't have a Web connection, you can load the data from a MAT-file included 
with the Bioinformatics Toolbox, using the command load mitochondria 


MATLAB Command Window 




HUB 

» whos mitochondria 





— n 

Name 

Size 

Bytes 

Class 

Attributes 


mitochondria 

1x16571 

33142 

char 



» 





i - 1 

i—i — i ^ | 
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Sections of a DNA sequence with a high percent of A+T nucleotides usually indicates 
intergenic parts of the sequence, while low A+T and higher G+C nucleotide percentages 
indicate possible genes. Many times high CG dinucleotide content is located before a gene. 

After you read a sequence into MATLAB, you can use the sequence statistics functions to 
determine if your sequence has the characteristics of a protein-coding region. This procedure 
uses the human mitochondrial genome as an example. 


Plot monomer densities and combined monomer densities in a graph. In the MATLAB 
Command window, type: 


MATLAB Command Window 


HHE3 


» ntdensity(mitochondria) U 



UJ 


Count the nucleotides using the function basecount(): 
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MATLAB Command Window 


nun 




» basecount(mitochondria) 


ans 


A: 5113 
C: 5192 
G: 2180 
T: 4086 




J 


Use the function basecount() with the chart option to visualize the nucleotide distribution: 


MATLAB Command Window 




» basecountfmitochondria f 1 chart 1 , 1 pie 1 ); 

» 


Figure 1 


File Edir View Insert Tools DeskJtop Window Help 


H j a a ^ ^ ^ © s « a - a □ e □ o 



□mzi 


J 


Count the dimers in a sequence and display the information in a bar chart: 
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MATLAB Command Window 


» dimercount(mitochondria , 1 chart ', 1 bar') 


mmm 


ans = 

BA: 

AC: 

AG: 

AT: 

CA: 

CC: 

CG: 

CT: 


uj 


- Figure 1 


1594 pile Edit View Insert Tools Desktop Window Help 

1495 




801 M J & J £ k 

1223 
1536 
1779 
439 
1438 


% 'S 


■f? a □ s 


o 



First Base 


Second Base 


Trinucleotides (codon) code for an amino acid, and there are 64 possible codons in a 
nucleotide sequence. Knowing the percent of codons in your sequence can be helpful when 
you are comparing with tables for expected codon usage. 


MATLAB Command Window 


[nun 

—3 


» codoncount(mitochondria) 


AAA 

- 

172 

AAC 

- 

157 

AAG 

- 

67 

AAT 

- 

123 

ACA 

- 

153 

ACC 

- 

163 

ACG 

- 

42 

ACT 

- 

130 

AGA 

- 

58 

AGC 

- 

90 

AGG 

- 

50 

AGT 

- 

43 

ATA 

- 

132 

ATC 

- 

103 

ATG 

- 

57 

ATT 

- 

96 

CAA 

- 

166 

CAC 

- 

167 

CAG 

- 

68 

CAT 

- 

135 

CCA 

- 

146 

CCC 

- 

215 

CCG 

- 

50 

CCT 

- 

182 

CGA 

- 

33 

CGC 

- 

60 

CGG 

- 

18 

CGT 

- 

20 

CTA 

- 

187 

CTC 

- 

126 

CTG 

- 

52 

CTT 

- 

98 

GAA 

- 

68 

GAC 

- 

62 

GAG 

- 

47 

GAT 

- 

39 

GCA 

- 

67 

GCC 

- 

87 

GCG 

- 

23 

GCT 

- 

61 

GGA 

- 

53 

GGC 

- 

61 

GGG 

- 

23 

GGT 

- 

25 

GTA 

- 

61 

GTC 

- 

49 

GTG 

- 

26 

GTT 

- 

36 

TAA 

- 

136 

TAC 

- 

127 

TAG 

- 

82 

TAT 

- 

107 

TCA 

- 

143 

TCC 

- 

126 

TCG 

- 

37 

TCT 

- 

103 

TGA 

- 

64 

TGC 

- 

35 

TGG 

- 

27 

TGT 

- 

25 

TTA 

- 

115 

TTC 

- 

113 

TTG 

- 

37 

TTT 

- 

99 

» » 

1 












Uj 
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Shortest Path 

We have study in the theoretical computing course the dijkra algorithm based on the 
following convex oriented chart: 



all. Thus we were obliged to simplify the example calculate by hand as you will see in the 
figure below. 

The corresponding script using the functions biograph(), graphshortestpath() and 
getedgesbynodeid(): 



1 - close all;clear all;clc 

2- W = [2 63963294 4]; 

3 - DG = sparse ([2 6 63 3 43 4 1 5] , [ 1 12 2 6 64 1 5 4] , W) ; 

4 - h = view(biograph(DG,[], 1 * 3 4 5 6 7 8 9 ShouWeights 1 , 1 on 1 )); 

5 - [dist,path] = graphshortestpath (DG, 3 , 1) 

6 - set(h.Nodes(path) , 1 Color 1 , [1 0.4 0.4] ) 

7 - edges = getedgesbynodeid(h,get(h.Nodes(path), 1 ID 1 )) ; 

8 - set(edges, 1 LineColor 1 ,[1 0 0]) 

9 - setjedges, 1 LineUidth 1 , 1. SjJ 
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And we get in the Command Window: 


Command Window 


dist = 


10 


path = 

3 4 6 2 1 


fx >> 

And the corresponding graph: 


v Biograph Viewer I 


File Tools Window Help 




hme\ 


■ -% 


o 



Clustermap 

Then we use the function clustergram(): 
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Tft MATLAB Command Window 

X 

□ 

1 

» load filteredyeastdata 

» cgo=clustergraFi(yeastualues( 1 :30,:), ' Standardize 1 , 1 Row') ; 

» | 

A 

< 

V 

> 


a: 


3 Clustergram 1 

File Tools Desktop Window Help 


X 


& :+ l % C 1 


1 r^i 



■l’"j tj- in f-- cp 
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^ MATLAB Command Window 

— 

□ 

X 

» set(ego f 1 FtowLabels 1 , genes(1:3 0) f 1 ColunnLabels 1 f tines) 



A 

» | 







V 

< 



> 


# Clustergram 1 

File Tools Desktop Window Help 


□ 


X 


& % O □ G3 


1 rn 



T 


MATLAB Command Window 

— 

□ 

X 

» set(ego f 1 Linkage 1 f 1 complete 1 f 1 Dendrogram 1 f 3) 

» | 



/s 




V 

< 



> 
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MATLAB Command Window 

- 

□ 

X 

» cgo_all = clustergram(yeastualues,'Colormap', redbluecmap,'Standardize','Row') 
Clustergram object with 614 rows of nodes and 7 columns of nodes. 

» i 




< 



V 

> 
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# ClustergramZ 

File Tools Desktop Window Help 


□ X 


£ O * DO 


n i i i 




m 



CN 


■l’-j ’tT in h- 
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Parallel Computing (with Parallel Computing 
Toolbox/PCT) 

http://www.MathWorks.ch/ch/help/distcomp/release-notes.htnil 

The PCT implementation supports since MATLAB 2014a up to 512 parallel workers on a 
single node. This is a big leap forward, given that MATLAB 2013b only supported 16 parallel 
workers! 


Clusters computing 


*) MATLAB R2013a 








H0Q 

HOME 

APPS 


SHORTCUTS 




^JbearchDocumentation 


Sjj ^ 1^ Find Files 

New New Open [^Compare 

Script ▼ ▼ 

& 

Import 

a 

Save 

bff, New Variable 

Open Variable ▼ 

fa Clear Workspace 

j_^> Analyze Code 

Run and Time 

ua 

IssJ 

Simulink 

EB 

Layout 

(O) Preferences ^ Community 

Q Set Path ^ Request Support 

_Help 


Data 

Workspace 

▼ Clear Commands ▼ 

CODE 

Library 


fcg Parallel » ▼ Add-Ons ▼ 


FILE 


VARIABLE 

SIMULINK 

EN 

Set Default > 

local (default) 1 

: © - - - - - © 

Choose the U^fault cluster profile to use with 
matlabpool, batch, or parduster 


; ■» +■ m m |<» > o > 

- 

Command Window 

Discover Clusters... 

Search for MATLAB Distributed Computing Server 


A 

A 







clusters on your network 

t 








Manage Cluster Profiles... 

Create, edit, or import cluster profiles 









Monitor Jobs 

View and work with jobs on your machine or on a 
cluster 



ij _i jj 


Preferences Community 

0 Set Path ^ Request Support 

Lavout Hein 

EN 

’■=«g Parallel ▼ ▼ Add-Ons ▼ 

Set Default 

Choose the default cluster profile to use with 
matlabpool, batch, or parduster 

Discover Clusters... 

Search fcf^lATLAB Distributed Computing Server 
clusters orityour network j 

Manage Cluster Profiles... 

Create, edit, or import cluster profiles 






Monitor Jobs 

View and work with jobs on your machine or on a 
cluster 

-m- 
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^ -Z 


* Discover Clusters 


3 fi ,- Discovering clusters ,.. 


Select a cluster to use: 


Cluster Name 

Host 

Workers 

Type 

Profile Name 




Next 


Cancel 
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@ Preferences 


J Set Path 

Layout 

▼ ^Parallel ^ 


Community 
Request 

Help 

▼ Add-Ons 


EN Set Default 

Choose the default cluster profile to use with 
matlabpool, batchy or parduster 


* 

Support 

■ ■ 

tl 



Discover Clusters... 

Search for MATLAB Distributed Computing Server 
clusters on your network 


Manage Cluster Profiles... 

Create, efX, or import cluster profiles 


Monitor Jobs 

View and work with jobs on your machine or on a 
cluster 
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1 

2 

3 

4 

5 

6 
7 
3 
9 

10 

11 

12 

13 

14 


tic 

x^zeuos (100,10) ; 
□Jpatfo^ i = 1:100 

y = zeros (1,10); 
for j = 1:10 
y(j) = i; 

end 

y; 

x (i f :) = y; 

end 
x; 
toe 

matlalopool close; 



Here are some tips: 

• when using parfor, all the executions of the loop need to be independent from each 
other. This is such that the parfor loop doesn't even executes consecutively (i = 1, 2, 
3,4, ...), but quite randomly (i = 3, 4, 59, 37, ...) decided by MATLAB. This way, 
you cannot have any variable that can be modified by all the different processors at the 
same time, unless it has the proper dimensional index (x(i,j,k)). 

• the parfor loop can only be done for one level, i.e., you cannot have a parfor loop 
inside another parfor loop. Sorry! However, the parfor loop doesn't need to be the 
outermost, it can be inside a regular for loop if needed. 

• You can have for loops inside the parfor loop, but you will need to pre-allocate all the 
variables that grow inside the for loops. Just pre-allocating immediately before the 
corresponding for loop will do. (This is usually a recommendation for speed in regular 
MATLAB runs, but it is a must in parallel mode.) 


• You cannot have any instruction that calls to the workspace inside the parfor loop, 
such as delete variables (clear) or list variables (who). 


• Be careful if you have figures inside the parfor loop. They should work, and you can 
even save them. But if you are displaying on screen, make sure you close the figures 
within the loop, so that they don't flood your desktop! 
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NVidia GPU computing 

https://developer.nvidia.com/cuda-gpus 


NVIDIA Tesla PI00 GPU computing processor - Tesla PI00 -16 GB - Centernex update 

by HHPP 



$ 15 , 003 34 irkirkt:- e 

FREE Shipping on eligible orders 

More Buying Choices 
$13,931.68 (1 used offer) 


* MATLAB Command Window 


X 


» gpuDeuice 


CUDADeuice with properties: 

Name: 'Quadro 114000' 

Index: 1 

ComputeCapability: '5.2' 

SupportsDouble: 1 
DriuerUersion: 8 
ToolkitUersion: 8 
MaxThreadsPerBlock: 1024 
MaxShmemPerBlock: 49152 
MaxThreadBlockSize: [1024 1024 64] 

MaxGridSize: [2.1475e+09 65535 65535] 
SIMDUidth: 32 
TotalMenory: 8.5899e+09 
AuailableMenory: 7.1198e+09 
MultiprocessorCount: 13 

ClockRateKHz: 772500 
ConputeMode: 'Default' 
GPUOuerlapsTransfers: 1 
KernelExecutionTineout: 1 
CanMapHostMenory: 1 
DeuiceSupported: 1 
DeuiceSelected: 1 
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El Editor 

- C:\Users\booth09-mgr2\Documents\MATLAB\GPU.m 

© 

x 

| GPU.m X r + 

~\ 

1 - 


(clear all; close all;clc 

A 

' 

3 - 


maxlterations = 500; 



4 - 


gridSize = 9000; 



5 - 


xlim = [-0.748766713922161, -0.748766707771757]; 



6 - 


ylim = [ 0.123640844894862, 0.123640851045266]; 



7 


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 



8 - 


t = tic () ; 



9 - 


x = linspace( xlim(l), xlim(2), gridSize ); 



10 - 


y = linspace( ylim(l), ylim(2), gridSize ); 



11 - 


[xGrid,yGrid] = meshgrid( x, y ) ; 



12 - 


zO = xGrid + li*yGrid; 



13 - 


count = ones ( size(zO) ); 



14 


% Calculate 



15 - 


z = zO; 



16 - 

E 

1 for n = 0:maxlterations 



17 - 


z = z.*z + zO; 



18 - 


inside = abs( z ) <- 2 ; 



19 - 


count = count + inside; 



20 - 


L end 



21 - 


count = log( count ); 



22 


% Show 



23 - 


figure 



24 - 


hold on 



25 - 


cpuTime = toe ( t ) ; 



26 - 


fig = gef; 



27 - 


fig.Position = [200 200 600 600]; 



28 - 


imagesc ( x, y, count ); 



29 - 


axis image 



30 - 


colormap ( [jet () ;flipud( jet() );0 0 0] ); 



31 - 


title ( sprintf ( '%1.2fsecs (without GPU)', cpuTime ) ); 



32 - 


hold off 



33 


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 



34 


% Setup 



35 - 


t = tic () ; 



36 - 


x = gpuArray.linspace( xlim(l), xlim(2), gridSize ); 



37 - 


y = gpuArray.linspace( ylim(l), ylim(2), gridSize ); 



38 - 


[xGrid,yGrid] = meshgrid( x, y ) ; 



39 - 


zO = complex ( xGrid, yGrid ) ; 



40 - 


count = ones( size(zO), 'gpuArray' ); 



41 





42 


% Calculate 



43 - 


z = zO; 



44 - 

E 

ilfor n = 0imaxlterations 



45 - 


z = z.*z + zO; 



46 - 


inside = abs ( z )<=2; 



47 - 


count = count + inside; 



48 - 


- end 







43 - 


z = zO; 



44 - 

E 

ilfor n = 0 : maxlterations 



45 - 


+ 

N 

O 



46 - 


inside = abs ( z )<=2; 



47 - 


count = count + inside; 



48 - 


L end 



49 - 


count = log ( count ) ; 



50 





51 


% Show 



52 - 


figure 



53 - 


fig = gef; 



54 - 


fig.Position = [200 200 600 600]; 



55 - 


hold on 



56 - 


count = gather ( count ) ; % Fetch the data back: from the GPU 



57 - 


naiveGPUTime = toe ( t ) ; 



58 - 


imagesc ( x, y, count ) 



59 - 


axis xmage 



60 - 


colormap ( [jet () ;flipud( jet() );0 0 0 ] ); 



61 - 


title ( sprintf ( '%1.3fsecs (naive GPU) = %l.lfx faster', ... 



62 


naiveGPUTime, cpuTime/naiveGPUTime ) ) 



63 - 


hold off 



64 





65 






It is not always faster with the GPU and especially when the GPU reach its limits: 
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Compiler Toolbox (C#, C++, Compiler Toolbox) 


Create a *.p (protected script) file (aka "pcode") 

For this part you do not need any compiler but in my point of view this is the good place to 
speak about this feature. 

Consider the following script: 

E 


C:\Documents and 5ettings\Administrateur\Mes documents'.MATLAB script compiled.m 



15 

Lt 

1 

2 

_ 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 


function com = script_compiled(n,k) 
try 

com = factorial(n)/(factorial(k)*factorial(n-k)); 
catch errorGbj 

errordlg(getReport(errorObj , 1 extended 1 , 1 hyperlinks 1 f 1 off 1 ), 1 Error 1 ); 

end 


We want to make this an unreadable file (or difficult to read...) for other colleagues. 


MATLAB Command Window 


» pcode script_conpiled.n -inplace 

» 


umb 

—3 


UJ 




MATLAB 


1260/1357 
















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


MATLAB 


Fichier Edition Affichage Favoris Outils ? 


t 


o 


Precedente 


$ 


Rechercher 


Dossiers 


£ x “9 


Adresse C:\Documents and Settings\Administrateur\Mes documents\MATLAB 


OK 


Dossiers 


Bureau 

a O Mes documents 
E [£) Charts 
33 Q Downloads 
& Ma musique 
& MATLAB 
d Mes images 
3 (H Mes videos 
E l£) Mon bloc-notes 
E & My SAS Files 
E J Poste de travail 

E Disquette 3Vi (A:) 

E ^ Disque local (C:) 

E Lecteur DVD (D:) 

E ^ USB DISK (E:) 


d 


Norn 


script_compiled.m 

script_compiled.p 


Taille | Type 


1 Ko 
1 Ko 


MATLAB Code 
MATLAB P-code 




J 


jJ 


J Poste de travail 


2 objet(s) 


script_compiled.p - WordPad 


Fichier Edition Affichage Insertion Format ? 


410 octets 


A 


mm 


□ & y ia ft 


o 


jvoo.oovoo.oonnenHKiunnngnnnMnnniit-) J ni4§i]5A96kGfdmozt;¥w3nn 

-Gn■ohEESWUDOn■□□»A=g«±toueD=8D0ze:3DI,De 3 qfi[yZDRED 1 it 1 °uZ - ZDiAIDE_:uNz 

□□□Hf GREfVneDc ; t,e Z§u 

u~N,,DngSHC]- _ e , j * ' PD£ce 0 AW+iV- IoSt =□ Z9LOV-Y* E 


Appuyez sur FI pour obtenir de I'aide 


A 


CM EX file 

It is possible to compile C, C++, or Fortran code so that it is callable from MATLAB. This 
kind of program is called a MATLAB Executable (MEX) external interface function, or more 
briey a \MEX-function." MEX enables the high performance of C, C++, and Fortran while 
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working within the MATLAB environment. We will discuss C/MEX functions, which also 
applies directly to C++/MEX.Fortran/MEX is quite different and we do not discuss it here. 

MATLAB's JIT interpreter in recent versions runs M-code so e_ciently that it is often times 
di_cult to do much better with C. Before turning to MEX in an application, optimize your M- 
code (see my other article, Writing Fast MATLAB Code"). MEX-functions are best suited to 
substitute one or two bottleneck M-functions in an application. If you replace all functions in 
an application with MEX, you might as well port the application entirely to C. 


B C:\hello.c* 

EDITOR 

VIB 

'A 1 ' 


l3i M 

jib. ^=1 

<! a> 

- 2 


1 ^include rr mex.h rr /* Always include this V 

2 void mexFunction( int nlhs, mxArray *plhs[], / * Output variables */ 

3 int nrhs, const mxArray *prhs[]) /* Input variables V 

4 i 

5 mexPrintf ( "Hello, world!\n rr ); /* Do something interesting V 

6 return; 

7 } 


Command Window 


>> mex hello.c 

Select a compiler: 

[1] Lcc-win32 C 2.4.1 in C:\PROGRA-l\HATLAB\R2 013a\sys\lcc 

[2] Open WATCOM C++ in C:\watcom-1.3 

[0] None 
_fr Compiler: 

m 

If successful, this command produces a compiled _le called hello.mexa64 (or similar, 
depending on platform). Compiling requires that you have a C compiler and that MATLAB is 
con_gured to use it. MATLAB will autodetect most popular compilers, including Microsoft 
Visual C/C++ and GCC. As a fallback, some distributions of MATLAB come with the Lee C 
compiler. Run mex -setup to change the selected compiler and build settings. 

Note that compiled MEX _les might not be compatible between di_erent platforms or di_erent 
versions of MATLAB. They should be compiled for each platform/version combination that 
you need. It is possible to compile a MEX _le for a target platform other than the host's using 
the -<arch> option, for example, mex -Win32 hello.c. 
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Command Window 


® 


>> mex heTToTc 

Select a compiler: 

[1] Lcc-win32 C 2.4.1 in C:\PROGRA~l\MATLAB\R2G13a\sys\lcc 

[2] Open WATCOM C++ in C:\watcom-1.3 

[0] None 
Compiler: 1 

Trying to update options file: C:\Documents and Settings\Administrateur\Application Date 
From template: C:\PROGRA~l\MATLAB\R2013a\bin\win32\mexopts\lccopts.bat 

Done . . . 

tf************************************************************************* 

Warning: The MATLAB C and Fortran API has changed to support MATLAB 

variables with more than 2 A 32-1 elements. In the near future 
you will be required to update your code to utilize the new 
API. You can find more information about this at: 

http://www.mathworks.com/help/matlab/matlabexternal/upgrading-mex-files-to-i 

Building with the -largeArrayDims option enables the new API. 
*******■*■**■*■*■*■*■*■**■*■*■*■*■*■**■*■*■*■*■■*■*■*■■*■*■*■*■*■*■*■■*■*■*■*■■*■*■*■■*■*■*■■*■■***■*■**■*■*■*■*■*■***■*■*■*■*■*■*■■*■*■■*■■*■* 


A » 
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Command Window 


>> hello 


Hello, would! 


» 



Create executable (*.exe) 

You need MATLAB Runtime for this on the customer computer. 


E 

I 

L3i 


C:\Documents and 5ettings\Administrateur\Mes documents', MATLAB' Application.m 


EDITOR 


PUBLISH 


m < 3 ? 



1 - msgbox( 1 This is a MATLAB application demo 1 


HOME 

PLOTS 


^ i 

Get More Install Package 
Apps App App 

FILE 


B is m & i) 


|* m p 

^ ► c 


APRS 


SHORTCUTS 


Command Window 


fx » 


Search 

IHDLI I C | 

HDL Coder MATLAB Coder 


APPLICATION DEPLOYMENT 

m* 

MATLAB 

Cofqpiler 

DATABASE CONNECTIVITY AND REPORTING 

-a* t=m 


Database 

Explorer 


Report 

Generator 
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■*\ Deployment Project 


New | open | 


HETB 


Name: | Application, prj 

Location: [ci\ 


Type: 


Sr Windows Standalone Application 


0 




OK 


Cancel 


Windows Standalone Application 


& Application, prj 


_^J lMj 0 


Build 


Package 


Main File 

Add main function file (program's entry point). 


Add main File | 


Shared Resources and Helper Files 


Place images, data files, and GUIs (.fig files) here if they are 
referenced by any of your functions. 



Also place here: 


Functions that are called using eval (and its variants) 
Functions that are not on the MATLAB path 
External C or C++ code that you want to compile and link 
into the application 

Add files/folders 
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Windows Standalone Application 


3 Application, prj 




Build 


Package 




Remove main file 


Shared Resources and Helper Files 


Place images, data files, and GUIs (.fig files) here if they are 
referenced by any of your functions. 

Also place here: 

* Functions that are called using eval (and its variants) 

* Functions that are not on the MATLAB path 

* External C or C++ code that you want to compile and link 
into the application 



► Build 


I j Build finished. 


| x| 


v 


a Hide Details 



Close 




files. 

Generating file 

"C : \Application\src\readme . txt" . 
copy 1 C:\Application\src\Application.exe 1 
1 C:\Application\distr:Lb\Application,exe 1 
copy 1 C:\Application\src\readme.txt 1 
1 C:\Application\distrib\readme.txt 1 

|_I 

Save to Icuffile 
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Dossiers 

Bureau 

m Ci Mes documents 
□ J Poste de travail 

m Disquette 3Vi (A:) 

□ Disque local (C:) 

□ l£| Application 
IS distrib 


x 



Application.exe 


readme.txt 
Document texte 
2 Ko 





(£j src 

EE Q Documents and Settings 
ffl £) Inetpub 
0 l£| MAPLEV4 
EB l£) myplus 


2 objet(s) (Espace disque disponible : 12.1 Go) 


411 Ko 


J Poste de travail 




,■ / 




V 
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Call MATLABfrom Microsoft Excel 
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Excel Add-in 


© 


I Excel Ad din. prj 


++ 




Build 


Package 


© 


mysum 


x calculator.m 


Add files 


Shared Resources and Helper Files 


Place images,, data files, and GUIs [.fig files] here if they are referenced 
by any of your functions*. 

Also place here: 

m Functions that are called using eval [and its variants] 
m Functions that are not on the MATLAB path 
m Functions you want to be private 

m External C or C++ codethatyou want to compile and link 
into the application 

Add files/folders 



Excel Add-in 


© 


Excel Ad din. prj 


Build 


Package 


© 


mysum 


1 calculator.m 


Add files 


Shared Resources and Helper Files 


Place images, data files, and GUIs (.fig files) here if they are referenced 



Add files/folders 
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Command Window © 


» mbuild -setup 

Welcome to mbuild -setup. This utility will help you set up 
a default compiler. For a list of supported compilers, 3ee 
http : //www.mathworks . com/support/compilers/R2013a/win63 .html 

Please choose your compiler for building shared libraries or COM components: 
/* Would you like mbuild to locate installed compilers [y]/n? | 


Command Window 

» mbuild -setup 

Welcome to mbuild -setup. This utility will help you set up 
a default compiler. For a list of supported compilers, see 
http : //www.mathworks . com/support/compilers/R2Q13a/win64 .html 

Please choose your compiler for building shared libraries or COM components: 

Would you like mbuild to locate installed compilers [y]/n? y 

No supported SDK or compiler was found on this computer. 

For a list of supported compilers, see 

■ittp : // www ■ m.athworks . con:./suppoit / com.p 11 ers / R2 Q 13 a / win 6 4 . html 

Error using mbuild ( line 139 ) 

Unable to complete successfully. 



A » 
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4 MathWorks' 


Accelerating the pace of engineering and science 


(J) Schweiz ► | Kootskl | Kaufinfos | Search Math Works _| | > | 

Account Anlegen | AnmeWen 


Produkte & Services Losungen Forschung und Lehre Support 

User Community Veranstaltungen 

Unternehmen 



Support > Supported and Compatible Compilers - Release 2013a 





Product Releases 




Weitersagen 


Current Release 

System Requirements - 
Professional - R2014a 

System Requirements - 
Student-R2014a 

System Requirements - 
Polyspace - R2014a 

Supported Compilers - 
R2014a 

Product System Requirements 
and Platform Availability 

Upcoming Releases 

Planned Changes and Road 
Map 

Previous Releases 

System Requirements and 
Supported Compilers Archive 

Other Resources 
Choosing a Computer 
Preparing for 64-bit Windows 


Supported and Compatible Compilers - Release 2013a 

A number of MathWorks products or product features require that you have a third-party compiler installed on your system. The tables 
below outline the compilers that are supported by various MathWorks products. These compilers are provided by a number of vendors 
and are available under a variety of commercial, academic, or open source terms; visit the providers’ Web sites for further information. 


Windows (64-bit) Windows (32-bit) Mac OS X Linux 


Windows (64-bit) 

MATLAB Product Family 
Simulink Product Family 

For the 64-bit Windows platform, a C compiler is not supplied with MATLAB. A free download is available that is suitable for most 
users: 


I + Microsoft Windows SDK 7.1 J 

The complete set of supported compilers is described below. 


MATLAB Product Family - Release 2013a 


MATLAB 

MATLAB 

Compiler 

MATLAB 

Builder 

EX 

MATLAB 

Builder 

NE 

MATLAB 

Builder 

JA 

MATLAB 

Coder 

SimBiology 

Fixed-Point 

Designer 


ForMEX-file 
compilation, 
loadlibrary, 









I" Microsoft 

Download Center 

Shop v Products ^ Categories v Support ’ 


Security * 


Microsoft Windows SDK for Windows 7 and .NET Framework 4 


Language: English 


Download 


The Windows SDK provides tools, compilers, headers, libraries, code samples, and a new 
help system that developers can use to create applications that run on Microsoft 
Windows. 


(+) Details 


© System Requirements 


© Install Instructions 


© Related Resources 
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f Windows® SDK for Windows® 7 and .NET Framework 4 


Installation Complete 


The selected modifications are complete. 
To view the log, click View Log. 

To edt, click Finish. 


For information about other free Microsoft developer downloads 
see the Windows SDK Release Notes. 


W] View the Windows SDK Release Notes. 

H Help improve our products by sending your installation 
report to Microsoft. No information collected is used to 
identify you or contact you. 


Click to view the Privacy Statement. 


Windows* 

* Software 

Development Kit 


Windows* 


S3. Software 

Development Kit 


View Log 


Finish 


You need to have the .Net Framework 4 
MATLAB 2013 !! Remove further vers! 
computer! 



be able to run the following steps with 
fore, install .Net Framework 4.0 and reboot 


Command Window 

» mbuild -setup 

Welcome to mbuild -setup. This utility will help you set up 
a default compiler. For a list of supported compilers, see 
http://www.mathworks . com/support/compilers/R2013a/win64.html 

Please choose your compiler for building shared libraries or COM components : 

Would you like mbuild to locate installed compilers [y]/n? y 

Select a compiler: 

[1] Microsoft Software Development Kit (SDK) 7.1 in C:\Program Files (x86)\Microsoft Visual Studio 10.0 


® 


[0] None 
fx Compiler: 



MATLAB 


1276/1357 





















Vincent ISOZ, Daname KOLANI 


Sciences.ch 


» mbuild -setup 

Welcome to mbuild -setup. This utility will help you set up 
a default compiler. For a list of supported compilers, see 
http://www.mathworJcs.com/support/compilers/R2013a/win64.html 

Please choose your compiler for building shared libraries or COM components: 

Would you like mbuild to locate installed compilers [y]/n? y 
Select a compiler: 

[1] Microsoft Software Development Kit (SDK) 7.1 in C:\Program Files (x86)\Microsoft Visual Studio 10.0 
[0] None 
Compiler: 1 

Please verify your choices: 

Compiler: Microsoft Software Development Kit (SDK) 7.1 
Location: C:\Program Files (x86)\Microsoft Visual Studio 10.0 

fx Are these correct [y]/n? | 


a derauxtcompiler . Foralistorsupported compilers,see 
http : //www.mathworks . com/support/compilers/R2013a/win64.html 

Please choose your compiler for building shared libraries or COM components : 

Would you like mbuild to locate installed compilers [y]/n? y 
Select a compiler: 

[1] Microsoft Software Development Kit (SDK) 7.1 in C:\Program Files (x8€)\Microsoft Visual Studio 10.0 
[0] None 
Compiler : 1 

Please verify your choices : 

Compiler: Microsoft Software Development Kit (SDK) 7.1 
Location: C:\Program Files (x86)\Microsoft Visual Studio 10.0 

Are these correct [y]/n? y 


Warning: Applications/components generated using Microsoft Windows Software 
Development Kit (SDK) require that Microsoft Visual Studio 2010 
run-time libraries be available on the computer used for. 
deployment. To redistribute your applications/component, be sure 
that the deployment machine has the run-time libraries. 


Trying to update options file: C:\Users\Isoz\AppData\Roaming\MathWorks\MATLAB\R2013a\compopts.bat 
From template : C:\PROGRA~l\MATLAB\R2013a\bin\win64\mbuildopts\mssdk71compp.bat 


Done . . . 
fx » | 


Install Also the last version of Visual Studio (Express or Not with all updates). 


You must not launch MATLAB as normally if you want to be sure to not encounter any 
problem during the compilation. 
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Microsoft Office 

TCfc f Of 

Jb Microsoft Silverlight 


Jk Microsoft Windows Performance Toolkit 

Isoz 

*. Microsoft Windows SDK v7.1 


Jt Norton AntiVirus 

Documents 

Jk Norton Identity Safe 


Jk OpenProj 

Images 

M Oracle VMVirtualBox 


Jb Presto! PageManager 7.15 

Musique 

Jk QuickTime 


M R 

Ordinateur 

RealNetworks 


J| Roxio Creator Starter 

Panneau de configuration 

Jk ScanSoft OmniPage SE 4 


Jb ScanSoft PaperPort 11 

Peripheriques et imprimantes 

k Skype 

Programmes par defaut 

Jb VideoLAN 


Visual Studio 2013 

Aide et support 


Visual Studio Tools 
VS Express 2013 pour Desktop 
VMware 

Precedent 



Favoris 
Bureau 
m Emplacements recents 
l Telechargements 
Dropbox 

© Creative Cloud Files 


m Invite de commandes des outils croises x)S4 de VS2Q13 
m Invite de commandes des outils natifs x86 deVS2013 
[j]| Invite de commandes developpeur pour VS2G13 
[?5il Notifications de la build 


rrr 



Invite de commandes developpeur pour VS2013 
Raccourci 

Modifie le : 25.09.2014 23:41 
Taille: 2.09 Ko 
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Once MATLAB open you restart the compiler and everything will work : 

© 


Excel Add-in 


I Excel Ad din. prj 




Build 


Package 


© 


s> v 


mysum 


calculator.m 


Add files 


Shared Resources and Helper Files 


Place images,, data files, and GUIs (.fig files] here if they are referenced 
by any of yourfunctions. 


Also place here: 

m Functions that are called using eval [and its variants] 
m Functions that are not on the MATLAB path 
m Functions you want to be private 

m External C or C++ codethatyou want to compile and link 
into the application 


Add files/folders 
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0 


v[ ► Isoz ► Telechargements ► Excel Ad din ► 


Rechere her dans : snc 


Fichier Edition Affichage Outils ? 


Organiser » Inclure dans la bibliotheq 

ue » Partager avec » Graver 

Nouveau dossier 

l== T SI @ 

TuT Favoris 

Nom 

Modifie le 

Type Ta 

E Bureau 

0 dllclata.c 

26.09.2014 00:40 

C Source 

Em p la c em ents rec ents 

ExcelAddln.bas 

26.09.2014 00 :39 

Fichier BAS 

Telechargements 

1 Excel Ad clln.def 

26.09.2014 00:39 

Export Definition F... 

Dropbox 

Excel Ad din, re 

26.09.2014 00 :39 

Fichier RC 

Creative Cloud Files 

ExcelAddln.xIa 

26.09.2014 00 :39 

Macro compleme... 


® ExcelAddIn_l_0.dll 

26.09.2014 00:40 

Extension de Tapp... 

Bibliotheques 

1 Excel Ad dln_l_0. exp 

26.09.2014 00:40 

Source Browser D... 

- Documents 

1 ExcelAddIn_l_0.lib 

26.09.2014 00:40 

Source Browser D... 

E Images 

++ Excel Acldln_dll.cpp 

26.09.2014 00 :39 

C++ Source 

Musique 

IE) Excel Ad dlnjdl.h 

26.09.2014 00:39 

C/C+ + Header 

H Videos 

1 Excel Adclln_idl.idl 

26.09.2014 00:39 

Interface Definitio... 


_j Excel Ad din Jdl.tlb 

26.09.2014 00:39 

Fichier TLB 

Groupe resiclentiel 

0 Excel Ad dln_idl_i.c 

26.09.2014 00:39 

C Source 


0 Excel Ad dln_idl_p.c 

26.09.2014 00:39 

C Source 

Ordinateur 

_ mccExcludedFiles.log 

26.09.2014 00:39 

Document texte 

& OS[G) 

IE) mwcomtypes.h 

26.09.2014 00:40 

C/C + + Header 

■ iPhone Isoz Vincent 

0 mwcomtypes_i.c 

26.09.2014 00:40 

C Source 


0 mwcomtypes_p.c 

26.09.2014 00:40 

C Source 

% Reseau 

+ + mysum_com.cpp 

26.09.2014 00 :39 

C+ + Source 


IE) mysum_com.hpp 

26.09.2014 00:39 

C/C++ Header 


readme.txt 

26.09.2014 00 :39 

Document texte 



21 elements) 
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m 


Options Excel 


General 
Form Liles 
Verification 
Enregistrement 
Langue 

Options avancees 
Personnaliser le Ruban 
Barre d'outils Acces rapide 


Complements 


Centre de gestion de la confidentiality 


* £-4 Affichez et gerez les complements Microsoft Office, 


Complements 


Norn A 

Emplacement 

Type 

Co m p lements d 'a p p licatio ns actifs 

Acrobat PDFMaker Office COM Addin 

GV... iceVPDFMOfficeAddin.dll 

Complement COM 


Exceladdin 

Team Foundation Add-in 

Complements dap p Brattons 1 nadfifs 

Analysis ToolPak 

Analysis ToolPak - VBA 

Complement Solver 

Contenu invisible 

Donnees XML personnalisees 

En-tetes et pieds de page 

Feuilles de calcul cachees 

Lignes et colonnes cachees 

Microsoft Actions Pane 3 

Outils pour I'euro 

Complements lies au document 

Aucun complement lie a un document 

Co m p ferments d 'a p p llcatio ns desadti ves 

AtiCLT.o complement ^application depictive 


C:\, , ,In\d i stri b\Exce I Ad din ,xl a 
■G\... 86\TFSOfficeAdd-in.dll" 


GV. .. ryVAn a lys i sVANALYS32 ,XLL 
GV. .. n a lys i s\ATPVBAE N ,XLAM 
GV. .. ry\S O LVER\S O LVER.XLAM 
GV. .. ce\Offi ce!4\0 F F RH D . D LL 
G V. .. ceVOffi ce!4\0 FFRHD.DLL 
GV, ,, ce\Off i cel4VO F F RH D. D LL 
GV, .. ceVOffi cel4\0 F F RH D. D LL 
GV, ,, ceVOffi cel4VO F F RH D . D LL 

GV, ..Libra ry\E U ROTO 0 L.XLAM 


Complement Excel 
Complement COM 


Complement Excel 
Complement Excel 
Complement Excel 
Inspecteur de document 
Inspecteur de document 
Inspecteur de document 
Inspecteur de document 
Inspecteur de document 
Kit d'extension XML 
Complement Excel 


Complement : Acrobat PDFMaker Office COM Addin 

Editeur: Adobe Systems,. Incorporated 

Compatibility : Aucune information de compatibility disponible 

Emplacement : GVProgram Files (x86)\AdobeVAcrobat 9.0\PDFMaker\Office\PDFMOfficeAddin.dll 
Description : Acrobat PDFMaker Office COM Addin 


Gerer: Complements Excel pr || Atteindre,, 


OK 


Annuler 


Macro complementaire 




Macros complementaires disponibles : 


Analysis ToolPak 
_ Analysis ToolPak - VBA 
Complement Solver 


Exceladdin 


OK 


Annuler 


Parcourir... 


Automatisation. 
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Parcourir 




« Telechargements ► Excel Ad din ► distrib 




Rechercherdans: distrib 


Organiser ▼ Nouveau dossier 


!== t SI 


E Bureau 

Emplacements re 


Nom 


Modifie le 


Type 


,, Telechargements 
Dropbox 

@ Creative Cloud Fi 

a Bibliotheques 
- Documents 
B Images 
Musique 
H Videos 


1^" ExcelAddln.xIa 


26 , 09.2014 00 :39 


Macro compleme.. 


rrr 


Nom defichier : ExcelAddln.xIa 


Complements [*.xlam;*.xla;*.xl[ ▼ 


Outils ▼ 




OK 

w 


Annuler 


r 

Macro complementaire 



Macros complementaires disponibles : 


Analysis ToolPak 
Analysis ToolPak - VBA 
Complement Solver 

zr ._.. 

Outils pour I'euro 


OK 


Annuler 


Parcourir... 


Automatisation. 


Exceladdin 
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Use the *.dll and *.xla on another computer 


CallMATLABfrom C# (VSExpress 2010) 

This part doesn't need any toolboxes: 
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1 Page de demarrage - Microsoft Visual C# 2010 Express 

bethi 

Fichier Edition Affichage Deboguer Outils Fenetre ? 

i SP - 3 £ £ | jt 4a S \ *> - ! ' J -1 ► 1 1£» L 

l 



Page de demarrage - Microsoft Visual C# 2010 Express 


Fichier Edition Affichage Deboguer Gutils Fenetre ? 


© 

Nouyeau pro jet... 

Ctrl+Maj+N 

■~-A 

d 

Ouvrltun projet... 

Ctrl+Maj+O 

L 3 

Ouvrir un fichier... 

Ctrl+O 


Fermer 


eJ 

Fermer la solution 


A 

Enregistrer les elements selectionnes 

Ctrl+5 


Enregistrer les elements selectionnes sous... 


S 

Enregistrer tout 

Ctrl+Maj+S 


Exporter le modele... 


01 

Mise en page... 


m 

Imprimer... 

Ctrl+P 


Quitter 

Alt+F4 


man 

3 Appr 
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ProjectMATLAB - Microsoft Visual C# 2010 Eicpress 


Fichier Edition Affichage Projet Deboguer Donnees Gutils 

; spleOHlS ia0|«^Cft| K O*O--| ► 



\jouter un nouvel element... 



-I tffl&Jter un element existent... 
Ajouter un formulaire Windows... 
Ajouter une dasse... 



MATLAB 


1289/1357 








































































Vincent ISOZ, Daname KOLANI 


Sciences.ch 



Explorateur de solutions 

d Solution 'ProjectMATLAB' (1 pro jet) 

~ll ^ ProjectMATLAB 


References 


Service References 
t) MATLAB.cs 


▼ X 



COM technology cons: MATLAB is required to be installed on the target computer. 

MATLAB .NET builder compiles your MATLAB code to the .NET assembly and you can 
use it directly. 
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Ajouter une reference 


mm 


•NET | COM | Projets | Parcourir | Recent | 
Filtre pour: .NET Framework 4 Client Profile 


Norm du composant 

| Version 

| Runtime 

Chemin d'acces 


Accessibility 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


CustormMarshalers 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


.. . 

v4.0.30319 

C:\Program Files\Refer... !£■ 


Microsoft. J5cript 10.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


Microsoft. VisualBasic.Co... 

10 .0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


Microsoft. VisualBasic. Co... 

10 .0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


Microsoft. VisualBasic 

10 .0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


Microsoft. VisualC 

10 .0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


mscorlib 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


PresentationCore 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


PresentationFramework... 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


PresentationFramework... 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


PresentationFramework 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


PresentationFramework... 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


PresentationFramework... 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 


ReachFramework 

4.0.0.0 

v4.0.30319 

C:\Program Files\Refer... 

d 

svsalobl 

4.0.0.0 

v4.0.30319 

C^Proaram FilesyRefer... 




OK 


Annuler 
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ProjectMATLAB - Microsoft Visual C# 2010 Express 


Fichier Edition Affichage Projet Deboguer Donnees Outils Fenetre ? 




MATLAB.cs* X 


ijjrj MatlabConsoleApplicationDemo. my MatlabClassDemo 


*VMain(string[] args) 


using System; 

0 namespace fHatlabConsoleApplicationDemof 
- class myfflatlabClassDeiro{ 

static void Main(string[] args){ 

var activationContext = Type . GetTypeFromProgID( 1l matlab. application, single 11 ); 
var matlab = (MLApp . MLApp)Activator .Cre atelnstance (activationContext ) ; 
matlab. Visible = G; 

Console. WriteLine(matlab. Execute( 1l a = l+2 11 ));| 

Console . WriteLine (matlab . Execute ('"whos" ) ) ; 

Console. Writ eLine (mat lab. Execute (’’figure 11 )); 
var a = inatlab.GetVariabl.e("a” J ’’base 11 ); 

Console .WriteLine ( a); Console .Read Key (); 


//We close MATLAB 
matlab.Visible = 1; 

//wait 5 seconds 

System.Threading .Thread. Sleep(5000); 
matlab.Quit(); 

System, Console. WriteLine("Press any key to close this appl. " ^Console. ReadKey(); 

} 

I . > 

I [> 

100 % -jJ_I _>J 
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I c=v C:\Documents and 5ettings\Administrateur\Mes documents ,Visual Studio 2010\Projects\ProjectMAT... HOB 



cjT] C:\Documents and 5ettings\Administrateur\Mes documents'.Visual Studio 2010\Projects\ProjectMAT... HEIES 


a = 

3 

Name Size Bytes Class Attributes 

a lxl 8 double 

3 

Press any key to close this appl. 


zl 


CallMATLABfrom C++ (VSExpress2010x64) 

Some steps will seems to be duplicates when you will read what follows but in the facts it is 
just a cumuluted return on experience troubleshooting manipulations to avoid any problems : 
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Proprieties systeme 


Norm de I'ordinateur 


Materiel 


Parametres systeme avances 


Protection du systeme Utilisation a distance 


Vous devez ouvrir une session d'administrateur pour effectuer la plupart de 
ces modifications. 

Performances 

Effets visuels, planification du processeur, utilisation de la memoine et 
memoine virtuelle 


Parametres... 


Profil des utilisateurs 

Parametres du Bureau lies a votre ouverture de session 


Parametres. 


Demarrage et recuperation 

Informations de demarrage du systeme, de defaillance du systeme et de 
debogage 


Parametres... 


Variables d'environnement... 


OK 



Annuler 
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Variables utilisateur pour Isoz 


Variable 

Valeur 

TEMP 

TMP 

%USERPROFILE%\AppDataiocal\Temp 

%USERPROFILE%'\AppDataiQi:al 1 .Jemp 


Variables systeme 


Nouvelle... 


Modifier... 


Supprimer 






Variable 

Valeur 

asl.log 

1 _Ipa 

Destination =file 

BURN_AUTOPLAY 

C: program Files {x86)V^oxio\OEM'\poxi... 

ComSpec 

C: \Windows Vystem32\cmd. exe 

EMC AUTOPLAY 

C: program Files (x36)\Common Files 'fi ... T 


Nouvelle. 


Modifier. 


Supprimer 


OK 


Annuler 




Nouvelle variable systeme 


Norm de la variable : 
Valeur de la variable 


MATLAB RUN 


igram Files Y1ATLABV^2D 13a Vuntime\win64 


OK 


Annuler 



—n 


Nouvelle variable systeme 


Norm de la variable : 
Valeur de la variable 


MATLAB BIN 


C: \Program Files 1 ^ATLAB^2013a\bin 


OK 


Annuler 


MATLAB 
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Sciences.ch 


Nou'veils variable systeme 

Norm de la variable : 

Valeur de la variable 


MABTLAB BINWIN 


: \Prograrm Files’ 1 ^ATLAB 13a\bin\win6^ 


OK 


Annuler 


And check that in PATH you have anywhere : 


C:\Program Files\MATLAB\MATLAB Compiler Runtime\v81\bin\win< 



Modifier la variable systeme 


Norm de la variable 


Path 


Valeur de la variable : 11AB Compiler Runtirme\v8lVuntirme\win64; 


OK 


Annuler 





Restart 



MATLAB 


1296/1357 















































Vincent ISOZ, Daname KOLANI 


Sciences.ch 


Variables utilisateur pour Isoz 


Variable 

Valeur 

TEMP 

TMP 

%USERPROFILE%\AppDataiocal\Temp 

%USERPROFILE%'\AppDataioi:al 1 .Jemp 


Variables systerme 


Nouvelle... 


Modifier... 


Supprimer 






Variable 

Valeur 

0 

MABTLABJEHNWIN 

C: program File5\MAUAB'^2Q13a\binV.. 

□ 

MATLAB_BIN 

C:\Program Files\MAUAB^2013a\bin 


MATLAB_RUN 

C: program Files\MATLABV^2013aVunti... 

i—i 

NUMBER OF P.„. 

4 

10 


Nouvelle. 


Modifier. 


Supprimer 


OK 


Annuler 


\x> 



_^_1 ^_ 

Page de demarrage - Microsoft Visual Studio Express 2013 pour Windows Desktop 

HCHIER MODIFIER AFF1CHER DEBOGUER EQUIPE OUTILS TEST FENETRE 

AIDE 

T3 Q Lancement rapide (Ctrl+Q) P — □ X 

Connexion Q 

| O - © | & U d* | 9 - | ► Attacher... - 

1 *. 


KjiM Page de demarrage | 


w Explorateur de solutions T ? X | 


9 * 


V Express 2013 pour 
Windows Desktop 


Demarrer 


n 


j Nouveau projet -i 

Ouvrir un projet... 

Ouvrir depuis le controle de code 


Decouvrir les nouveautes 
de Express 2013 pour 
Windows Desktop 

Vous trouverez des informations sur les 
nouvelles fonctionnalites et ameliorations de 
Express 2013 pour Windows Desktop en 
consultant les sections suivantes. 

En savoir plus sur les nouvelles fonctionnalites de Express 
2013 pour Windows Desktop 


Recent 

Decouvrir les nouveautes de .NET Framework 4.51 

Decouvrir les nouveautes de Team Foundation Service 

ProjectMATLAB 

Se connecter a Azure 


En savoir plus sur Azure 


Se connecter ($) w 

Sortie 

- ¥ x | 

Afficher la sortie a partir de: 

~~31 


MATLAB 
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Sciences.ch 


* Page de demarrage - Microsoft Visual Studio Express 2013 pour Windows Desktop 
FICHIER MODIFIER AFF1CHER DEBOGUER EQUIPE OUT1LS TEST FENETRE 


© 

Nouveau projet... 

Ctrl+Maj+N 

: C=3 

Nouveau projet d'equipe... 

: D 

Nouveau fichier... 

Ctrl+N 

© 

Ouvrir un projet... 

Ctrl+Maj+O 


Ouvrir un fichier... 

Ctrl+O 


Ouvrir depuis le controle de code source 



Se connecter au projet d'equipe... 



Fermer 


□ 

Fermer la solution 


y 

Enregistrer les elements selectionnes 

Enregistrer les elements selectionnes sous... 

Ctrl+S 

J* 

Enregistrer tout 

Exporter le modele... 

Ctrl+Maj+S 


Controle de code source 

► 

B 

Mise en page... 


e 

Imprimer... 

Ctrl+P 


Account Settings... 



Fichiers recents 

► 


Projets et solutions recents 

► 

□ 

Quitter 

Alt+F4 


T3 (^3 Lancement rapide (Ctrl+Q) P _ □ X 

Connexion H 




Explorateur de solutions 




2013 pour Windows Desktop en 


Windows Desktop 

les nouveautes de .NET Framework 4.51 
les nouveautes de Team Foundation Sen/ice 



Nouveau projet 


t> Recent 
* Installe 

^ Modeles 

t Visual Basic 
t> Visual C# 


^ Visual C+ + 


CLR 
General 
Test 
Win32 
SQL Server 
Python 

Solutions Visual Studio 
Echantillons 

t En ligne 


Trier par: Par defaut 


Rechercher Modeles installe (Ctrl+E) P ~ 



Application console Win32 
[Tfc | Projet Win32 

S3 Projet vide 
B3 Projet Makefile 


Visual C++ 

Visual C++ 

Visual C++ 

Visual C++ 


Type: Visual C++ 

Projet de creation d'une application 
console Win32 


Cliquez ici pour vous connecter et rechercher des modeles. 


Norm : 

ProjectMATLAB| 





Emplacement : 

c:\users\isoz\documents\visual studio 2013\Projects 

» | Parcourir... | 

Nom de solution : 

ProjectMATLAB 

0 Creer un repertoire pour la solution 


□ Ajouter au controle de code source 

OK ~] I Annuler | 


MATLAB 
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Sciences.ch 





MATLAB 
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Sciences.ch 



Windows Desktop 
EBOGUER EQUIPE 
indows local 


0 UTILS TEST 


T3 P Lancement rapids [Ctrl+QJ fi — [ 

FENETRE AIDE Conner 



Debuc Attacher au processus... 




mainQ 


Importation et exportation de parametres.. 
Personnaliser... 

0 Options... 


Ctrl+Alt+P 


Connexion a la base de donnees... 

Se connecter a Microsoft Azure... 

SQL Server 

► 

Gestionnaire des extraits de code... 

Ctrl+K, Ctrl + B 

Choisir des elements de boTte a outils... 

Gestionnaire de package NuGet 

► 

Extensions et mises a jour... 


Creer un Guid 


Errlook - Recherche d'erreurs 


Outils externes... 



MATLAB 
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Sciences.ch 



Environnement 
Projets et solutions 
Controle de code source 
Editeur detexte 
Debogage 
General 
Fenetre Sortie 
Modifier Si Continuer 
Symboles 

Concepteur Windows Forms 
Creation de modeles detexte 
Gestionnaire de package NuGet 
Outils de base de donnees 
Outils de test de performances Web 
Outils SQL Server 
PerformanceTools 


Emplacements du fichier de symboles [.pdb] : 


A 0000 



Mettre en cache les symboles dans ce repertoire : 

G\U s ers\VIN C E N --l\.Ap p D ata\Lo c a l\T em p\Sym b o IC a c h e 


Parcourir... 


C h a rg er to u s I es sym b o I es 


Vider le cache de symboles 


Charger automatiquement les symboles pour: 
@ Tous les modules, sauf exclus 
Specifier les modules exclus. 

Modules specifies uniquement 
Specifier les modules 



is 2013 p o u r Wi n d o ws D es kto p 


Tb P Lancement 


MERER DEBOGUER EQUIP E OUTILS TEST FENETRE AIDE 


Debug 

Win32 

- 

$ J 


1 Win32 

1 Gestionnaire de configurations,.. 



ft T o - 

Rechercher dans I'Exf 


MATLAB 
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MATLAB 
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MATLAB 
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Sciences.ch 








> 

li&i 

Generer 





Regenerer 



A 


Projet uniquement 

► 




Limiter a 



A k 


Nouvelle vue Explorateur de solutions 



> 


Dependances de build 

► 


[ 


Aj outer 

► 




Assistant Classe... 

Ctrl + Maj + X 



ffi 

Gererles packages NuGet... 




0 

Definir comme projet de demarrage 




Propriety 


Deboguer 

► 



Contrdle de code source 

► 

liiiiii 

□ □ 

S* 

& 

Couper 

Ctrl+X 



a] 

Coller 

Ctrl+V 



X 

Supprimer 

Suppr 



DC:::: 

Renommer 

FI 




Decharger le projet 

Relancer I'analyse de la solution 




C* 

Ouvrir le dossier dans I'Explorateur de fichiers 





Proprietes 



MATLAB 
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Pages de proprietes de P reject MATLAB 


Configuration : | Active(Debug) 


▼ | PIateform e : Acti ve[x64) 


Gestionnaire de configurations... 


[> Proprietes communes 

J Proprietes de configuration 
General 

Debogage 


Repertoires VC++ 

> 

C/C+ + 


Editeur de liens 

> 

Outil Manifeste 

> 

Generateur de document) 

> 

Informations de consultati 

> 

Evenements de build 

> 

Etape de generation persoi 

> 

Analyse du code 

< 

m C| 1 


Debogueur a lancer : 

| Debogueur Windows local 


Commande 

5(TargetPath) 


Arguments dela commande 



Repertoire de travail 

S(ProjectDir) 


Attacher 

Non 


Type de debogueur 

Auto 


■ Environnement 

PATH = t :\Prog ra m Fi 1 es\HATLAB\R2013a\bi n\wi n 64| 

0 

Fusion de I'environnement 

Oui 


Debogage SQL 

Non 


Accelerateur par defaut de I'AMP 

WARP software accelerator 


Environnement 



Specific I'environnement du debogueur ou les variables a fusionner avec I'environnement existant, 



OK 


Annuler ] | Appliquer | 



Pages de proprietes de ProjectMATLAB 




Co nf i g u rati on: | Active[D eb u g) 


▼ Plateforme: Active(Win32) 


Gestionnaire de configurations... 


[> Proprietes communes 

J Proprietes de configuration 
General 

Debogage 

Repertoires VC + + 

> 

C/C+ + 

> 

Editeur de liens 

> 

Outil Manifeste 

> 

Generateur de document > 

> 

Informations de consultati 

> 

Evenements de build 

> 

Etape de generation persoi 

> 

Analyse du code 

* l 

FFT | r 


J General 


Repertoires d'executable 


Repertoires Include 
Repertoires de reference 
Repertoires de bibliotheques 
Repertoires dela bibliotheque WinRT 
Repertoires sources 
Exclure des repertoires 


I cl_Exec uta b I eP ath); S (System Ro ot)\SysW owb4; 5 (FxC o p D i r); S (PAT H);|~^ 


< Modifier.. .> 

i\y L r\ei erenc&rdmjusuj;- 

S(VC_Li b ra ry P ath_x86 ); S (Wi n d o wsSD K_L i braryP ath_x86); 

S (Wi n d o wsSD K_M eta d ata P ath); 

S(VC_SourcePath); 

S (VCJn c I u d eP ath); S (Wi n d o wsSD KJn c I u d eP ath); S (M SB u i I d_Exec uta b I eF 


Repertoires d'execu tables 

Cheniin d'acces a utiliser pour rechercher des fichiers executables lors de la generation d'un projet VC+ +. Correspond a 
la variable d'environnement PATH, 


OK | | Annuler | | Appliquer | 


V 


MATLAB 
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Repertoires d”executables 


SSSEE] 




>■ 

w 

< 1 

" J 



Valeurs heritees : 


S (V C_Exec uta b I eP ath_x86) 

S [Wi n d o w s SD K_Exec uta b I eP ath) 
S [VS_ Exec uta b I eP ath) 

S (M SB u i I d_Exec uta b I eP ath) 

S [System Ro ot)\Sy sWow64 


Heriter des para metres par defaut du parent ou du proj 



NJ Selectionner un repertoire * 

i << O5(C0 ► Program Files ► MATLAB ► R2013a ► bin ► win64 ► ▼ | || 

Rechercher dons : \.vin64 p 

Organiser ▼ Nouveau dossier 

1= t ® 


Norn 


74T Favoris 
1C Bureau 

Emplacements re 
Telechargement' 

a Bibliotheques 
\ Documents 
|^| Images 
Musique 
Q Videos 

4 Groupe residentiel 


' L Ordinateur 


%i Reseau 


accessible 

codecs 

graphicssy stems 


Modifie le 

01.09.2014 23:56 
01.09.2014 23:56 
01.09.2014 23:56 


Type 

Dossier defichiers 
Dossier defichiers 
Dossier defichiers 


Taille 


iconengines 

01.09.2014 23:56 

Dossier defichiers 

imageformats 

01.09.2014 23:56 

Dossier defichiers 

mbuildopts 

02.09.2014 00:07 

Dossier defichiers 

mexopts 

01.09.2014 23:54 

Dossier defichiers 

osgPlugins-3.0.1 

01.09.2014 23:53 

Dossier defichiers 

vc90 

01.09.2014 23:52 

Dossier defichiers 


Date de creation : 01,09.2014 23:52 
Taille: 4.97 Mo 

Fichiers : vcredist_x64 f VCRT_check 


Dossier: iconengines 


Selectionner un dossier 


Annuler 


MATLAB 
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SI30B 


C:\Proqram Rle5\MATLAB\R2D13a\bin\winfi4\ 


rrr 


Valeurs heritees : 


S [W C_Exec uta b I eP ath_x86) 

S [Wi n d o ws SD K_Exec uta b I eP ath) 
S [VS_Exec uta b I eP ath) 

S (M SB u i I d_Exec uta b I eP ath) 

S [System Ro ot)\SysWow64 


Heriter des para metres par defaut du parent ou du proj 


Pages de proprietes de ProjectMATLAB 



1 9 a r 


Co nf i g u rati on: j To utes I es c o nf i g u rati o n s 


Plateforme;: |Active[Win32) 


r j | Gestionnaire de configurations... j 


Proprietes communes 


* General 


J Proprietes de configuration 


Repertoires d'executables 

S (VC_Exec uta b 1 eP ath_x86); S [Wi n d o wsSD K_Exec uta b 1 eP ath); S [VS_Exec uta b 1 eP ath);! 

General 


| Repertoires Include 

S[VC_In c 1 u d ePath); S (Wi n d o wsSD K_In c 1 u d eP ath); 

Debogage 


Repertoires de reference 

<Modifier...> 

Repertoires VC+ + 


Repertoires de bibliotheques 

s l_l i u i a ly r a Lr i_xuuj; s i.vv i r i u u w s ju n_l i u i d i y r a u i_aOU j ; - 

> C/C++ 


Repertoires dela bibliotheque WinRT 

S [Wi n d o wsSD K_M eta d ata P ath); 

> Editeur de liens 


Repertoires sources 

S[VC_Sou re ePath); 

> Outil Manifests 


Exclure des repertoires 

5 [VC_In c 1 u d eP ath); S [Wi n d o wsSD K_In c 1 u d eP ath); S [MSB u i 1 d_Exec uta b 1 eP ath); 5 (VC 

> Generateur de document) 




|> Informations de consultati 




Evenements de build 




Etape de generation persoi 




> Analyse du code 






Repertoires Include 




Chemin d'acces a utiliser pour rechercher desfichiers Include lors de la generation d'un projet VC++. Correspond a la variable 

< 1 ™ 1 ► 


d'environnement INCLUDE. 



OK 


Annuler | Appliquer 


MATLAB 
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MATLAB 
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Repertoires Include 



SSSEE] 


Valeurs heritee^ : 


S(VC_IncludePath) 

S (Wi n d o ws SD K_In c 1 u d eP ath) 

>■ 


w 

[y Heriter des parametres par defaut du parent ou du proj 

Macros>> 


OK 

Annuler 



For info that’s the content: 



MATLAB 
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Organiser » » 

i= t eh n 

1 

if Favoris 

y- 

Nom 

.A 

RZ. Bureau 

multimedia 


Emplacements recer 

physmod 


, Telechargements 

winG4 



IB) bias 


Bibliotheques 

IB) blascompat32 


Documents 

IBl emlrt 


B Images 

1B1 engine 


Musique 

IBl fintrf 


Q Videos 

IBl im recon struct 



IBl imregionalmax 


Groupe residence! 

IBl io64 



IBl ippreconstruct 


Ordinateur 

IBl lapack 



libmatlbm.mlib 


*=i L Resea u 

libmatlbmx.mlib 



IBl mat 



IBl matrix 

IBl mclbase 

IBl mclcom 

IBl mclcomclass 

IBl mclcommain 

IBl mclcppclass 

IBl mclmcr 

IBl mclmcrrt 

IBl mclxlmain 

IBl mcr 

0 mpy 

w 


v |_ rrr t 


30 element^) 

* 



MATLAB 
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0<3 Selectionner un repertoire 

,^ 1 « R2013a ► extern ► lib ► win64 ► mierosoft 


_ 


Rechemher dans : mierosoft p \ 


Organiser » Nouveau dossier 


- Documents * Nom 
H Images 
Musique 
H Videos 


Groupe residentiel 
llf' Ordinateur 


^ OS (CO 
% Reseau 


Dossier : microsoft 


Modifie le Type 

Aucun element ne correspond a votre recherche. 


Tai 


Selectionner un dossier 


Annuler 


Repertornes Include 


TT[ 


SSSB 


C:\Proqram Files\MATLAB\R2013a\ed;ern\lib\win64\micro£oft 


CAP ro g ra m F i I es\MAT LAB\ R2013 a\ extern''-. include 


rrr 


Valeurs heritees : 

ItVCJndudePath) 

S[WindowsSDK_IncludePath) 


■/ Heriter des parametres par defaut du parent ou du proj 


Macros>> 


OK 


Annuler 


For info that’s the content: 


MATLAB 


1311/1357 




























































Vincent ISOZ, Daname KOLANI 


Sciences.ch 




« win64 ► micro soft 

T 

+t\ 

Recherch er dans... t 







Organiser » » 

i== - a 

m 

I 

> 

r Mom 

Favons 

A 

Su Bureau d i 

gpu 


Emplacements recer d 

ibemlrt 


Telechargements d 

ibeng 


i 

ibfixedpoint 


Bibliotheques d 

ibmat 


Q] Documents d 

ibmex 


B Images d 

ibmwbla& 


^ Musique d 

ibmwblascompat32 


Q Videos |H 

i b mwc g i r_c o n stru ct 


l 

i b rnwi m rec o n stru ct 


Groupe residentiel js| 

ibmwimregionalmax 


l 

ibmwip precon struct 


■' L l Ordinateur @| 

ibmwlapack 


1 

ibmwmathutil 


Reseau (=| 

ibmwrtio stream utils 


1 

ibmwservices 


1 

ibmwsilpilprofiling 


1 

ibmwslj'ileio 


1 

ibniwsl_solver_rtw 

Type : S 

1 

ibmwslexec_parallel 

Taille : 7 

|D| 


Modifie 

1=] 

luniA 


1 

ibut 

U | 

d mclbase 


@ mdcommain 


d mclmcr 


d mclmcrrt 


i=i 

mrlylmain 


< i _ 

rrr 

y 


32 element(s) 
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Pages de proprietes de ProjectMATLAB 


Configuration : [ Toutes les configurations 


Plateforme : [Active(Win32) 


Gestionnaire de configurations... 


> Proprietes communes 
d Proprietes de configuration 
General 
Debogage 
Repertoires VC++ 

> C/C++ 

> Editeur de liens 

> Outil Manifeste 

> Generateur de document > 

> Informations de consultati 

> Evenements de build 

> Etape de generation persoi 

> Analyse du code 


4 I m I > 


d General 

Repertoires d'executables 


Repertoires Include 


Repertoires de reference 
Repertoires de bibliotheques 
Repertoires de la bibliotheque WinRT 
Repertoires sources 
Exclure des repertoires 


S(VC_ExecutablePath_x86);S(WindowsSDK_ExecutablePath);S(VS_ExecutablePath); 

C:\Program Files\MATLAB\R2013a\extern\lib\win64\microsoft;C:\ProgranjV 

S(VC_ReferencesPath_x86); 

S(VC_LibraryPath_x86);S(WindowsSDK_LibraryPath_x86); 

S(WindowsSDK_MetadataPath); 

S(VC_SourcePath); 

S(VC_IncludePath);S(WindowsSDKJncludePath);S(MSBuild_ExecutablePath);S(VC. 


I 


Repertoires Include 

Chemin d'acces a utiliser pour rechercher des fichiers Include lors de la generation d'un projet VC++. Correspond a la variable 
d'environnement INCLUDE. 


OK | | Annuler ] [ Appliquer ] 






Pages de proprietes de ProjectMATLAB 

j .. ? ss r 


OK J [ Annuler j [ Appliquer ] 


Configuration: [ T outes les configurations ▼] Plateforme: [Active(Win32) [ Gestionnaire de configurations... ] 



MATLAB 
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Dependences supplementaires 




libeng.lib; 

>■ 

libmat.lib; 


libmx.lib;| 



T" 

4 

Y 


Valeurs heritees : 


kern el32. lib 

user32.lib 

gdi32.lib 

win-spool.lib 

comdlg32.lib 

advapiJ2.lib 


Heriter des parametres par defaut du parent ou du proj 


OK 



KV 


Pages de proprietes de ProjectMATLAB 


Configuration : Toutes les configurations 


▼ Plateforme : Active(Win32) 


▼ | Gestionnaire de configurations... 


Proprietes communes 
Proprietes de configuratior 
General 
Debogage 
Repertoires VC++ 

> C/C++ 
a Editeur de liens 
General 
entree 

Fichier manifeste 
Debogage 
System e 
Optimisation 
IDL incorpore 
Metadonnees Wind 
Avance 

Toutes les options 
Ligne de command 
Outil Manifeste 
Generateur de docume 
Informations de consul 
Evenements de build 
Etape de gene ration pe 


Dependances supplementaires 


Toutes bibliotheques par defaut ignorees 
Bibliotheques par defaut specifiques ignorees 
Fichier de definition de module 
Ajout du module a I'assembly 
Incorporation du fichier de ressources manage 
References des symboles forcees 
Chargement differe des DLL 
Ressource de liaison a I'assembly 


|8>eiMtJfcJh»MtH^inxJb^(AddW 


>nalDependencies) 


a 


Dependances supplementaires 

Specifie les elements supplementaires a ajouter a la ligne de commande de I'edition de liens (par exemple, kernel32.lib) 


Annuler Appliquer 


MATLAB 
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* ProjectMATLAB - Microsoft Visual Studio Express 2013 pour Windows Desktop 


t 3 g Lancement rapide (Ctrl+Q) 


nCHIER MODIFIER AFFICHER £ROJET GENERER DEBOGUER EQUIPE OUTILS TEST FENETRE AIDE 

O” 10 ml III d* ’ ► Debogueur Windows local - Debug [ x6 4 ~ | | jP _ <»• 



MATLAB 
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ProjectMATLAB (Execution) - Microsoft Visual Studio Express 2013 pour Windows Desktop 

FICHIER MODIFIER AFFICHER PROJET GENERER DEBOGUER EQUIPE OUTILS TEST FENETRE AIDE 

o • ' | SaU J*|9- 

Pror 0 -cciic • , [78841 PrnipftMATI AR pyp 


t 3 g Lancement rapide (Ctrl+Q) 

i 



rateur de solutions (Ctrl+e) 

P' 

IATLAB' (1 projet) 

B 


es extern es 


ressources 


n-tete 


r.h 


irees 


dATLAB.cpp 


else { 

MessageBox(0, "MATLAB is there", "Information", 0); 

} 

int Close(); 


std::string PlotCommand = "x=[0 1234 5];y=[0 1 4 9 16 25]jpeaks"; 
engEvalString(matlabEngine, PlotCommand.c_str()); 

std::string QuitCommand = "pause(5);quit " ; 
engEvalString(matlabEngine, QuitCommand.c_str())j 


▼ H 0 erreurs ! 0 avertissements 


Pile des appels 


Nom 


Lane 


Liste d’erreurs de recherche 

pA 

D Fichier ^ 

Ligne Colo... -*■ 

◄ 

— _►] 


Variables locales Espionl 


Fenetre Execution 


Ln 17 Col 22 Car 19 
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* ProjectMATLAB (Execution) - Microsoft Visual Studio Express 2013 pour Windows Desktop 
FICHIER MODIFIER AFFICHER PROJET GENERER DEBOGUER EQUIPE OUTILS TEST 


T 3 p Lancement rapide (Ctrl+Q) 

FENETRE AIDE 

^ - ii ■ 0 -; ia 


P - □ X 

Connexion Q 

1 ’! PI ^ 


£ Id i i <> A -- 


er dans I'Explorateur de solutions (Ctrl+e) 

ii 



100 % 3 i 


Liste d'erreurs ^ J 

} X 

Pile des appels w J 



T » | 0 erreurs | ! 0 avertissements 


Liste d'erreurs de recherche 

P' 

D Fichier 

Ligne ^ Colo... 

4 

► 



Variables locales Espionl 

Fenetre Execution 






1 

Pret 


Ln i 

14 

Col 43 

Car 37 

INS 
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* ProjectMATLAB - Microsoft Visual Studio Express 2013 pour Windows Desktop 


t 3 g Lancement rapide (Ctrl+Q) 


nCHIER MODIFIER AFFICHER £ROJET GENERER DEBOGUER EQUIPE OUTILS TEST FENETRE AIDE 

O” 10 ml III d* ’ ► Debogueur Windows local - Debug [ x6 4 ~ | | jP _ <»• 
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mm 





A. 


4^ MATLAS Command Window 


To get started, type one of these: helpuin, helpdesk, or demo. 
For product information, uisit uuu.mathuorks.com. 

» myflrray 

myflrray = 


► 


Compile DLL and call from C# 

Passing a scalar 



% C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB ,calculator.m 

EDITOR 

PUBLISH 

VIEW 



rJt ' 

^ B 





function result = calculator(input) 
[result = eval (input); 

end 


APRS 


& 

^ i 

m I 

Get More Install Package 
Apps App App 


FILE 


: «4iil .... Mi 


H+ 33 ^ 

^ ► C 

| Current Folder 


Name L. 

Size 


+ £j) Documents ... 


Search 

FAVORITES 


a 


y E 


E 


Database 

Explorer 

m 

MATLAB Coder 


Curve Fitting Optimization 


MuPAD 

Notebook 


PID Tuning 


System Signal Ar 
Identification 


m * 

MAT^B 

Compiler 


MATLAB Compiler 

Build MATLAB applications and components for deployment (deploytool) 
MATLAB Compiler 4.18.1 
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* Deployment Project 


New | open | 




Name: (calculator .prj 


Location: [ci\ 

Type: m Windows Standalone Application 

s Console Application 
C Shared Library 
C++ Shared Library 
■Q Generic CTF 



' @ Excel Add-in 
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.NET Assembly 


C:\Calculator.prj 


Build 


Package 




demo I 


I9H 




Add files 


Shared Resources and Helper Files 


Place images, data files, and GUIs (.fig files) here if referenced by any functions. 
Also place here: 

* Functions called using eval (and its variants) 

* Functions not on the MATLAB path 

* Private functions 




Add classes 


Add files/folders T 
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Build 


V 


Build finished. 


! a Hide Details 


Close 


3 


ueiecing u ^temporary imjha aurnonsanon riies. 

Generating file rr C : \Calculator\src\demoNative . cs". 

Generating file rr C : \ Calculator\src\demo . cs". 

Generating file rr C : \Calculator\src\readme . txt". 

Executing command: C :\WIND01vJS\Microsof t. NET\Framework\v4 . □ . 303 19\csc . exe /nologo 
/optimize /doc : rr C :\Calculator\src\Calculator . xml" /1: library /r:"C:\Program 
Files\MATLAB\R2013a\ toolbox\dotnetbuilder\bin\win32\v2.0\MWArray.dll" 

/resource: rr C: \ Calculator \ src\ Calculator . ctf rr 

/out: rr C:\Calculator\src\Calculator.dll" "C:\Calculator\src\demo.cs"Executing 
command: C :\MINDOTvJS\Microsof t. NET\Framework\v4 . □ . 303 19\csc . exe /nologo /optimize 
/doc:"C:\Calculator\src\CalculatorNative.xml" /t:library /r:"C:\Program 
Files\MATLAB\R2013a\toolbox\dotnetbuilder\bin\win32\v2.0\MWArray.dll" 

/resource:"C:\Calculator\src\Calculator.ctf" 

/out:"C:\Calculator\src\CalculatorNative.dll" "C:\Calculator\src\demoNative.cs" 
copy 1 C:\Calculator\src\Calculator.dll 1 1 C:\Calculator\distrib\Calculator.dll 1 

copy 1 C:\Calculator\src\Caleulator_overview.html 1 
1 C:\Calculator\distrib\Calculator_overview.html 1 

copy 1 C:\Calculator\src\readme.txt 1 1 C:\Calculator\distrib\readme.txt 1 

copy 1 C:\Calculator\src\CalculatorNative.dll 1 
1 C:\Calculator\distrib\CalculatorNative.dll 1 

1_I 2 

Save to log Pile 


You get: 


distrib 



EHZ 


Fichier Edition Affichage Favoris Outils ? 




© 


Precedents 


T / ] 


Rechercher 


Dossiers 


3 X“0 


Adresse |iET C:\Calculator\distrib 




OK 


Dossiers 


a G Mes documents 
B J Posts de travail 

e & Disquette 316 (A:) 

B Disque local (C:) 

B (£j Calculator 

1 sre 

B O Documents and Settings 
B (£) Inetpub 
B £j) MAPLEV4 


% 

Calculator 


S 


Calculator o... CalculatorNati. 


readme.txt 




[+1 lr=h nv--r.li ■<- I 

4 objet(s) (Espace disque disponible : 12.6 Go) 

115 Ko 

J Poste de travail 

Ml 
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Page de demarrage - Microsoft Visual C# 2010 Express 


Fichier Edition Affichage Deboguer Outils 
jj Nouveau projet... 

Ouvfe un projet... 

& Guvrir un fichier... 


Fenetre ? 

Ctrl+Maj+N 

Ctrl+Maj+O 

Ctrl+O 



Fernner 

rj 1 Fernner la solution 
A Enregistrer les elements selectionnes 

Enregistrer les elements selectionnes sous... 
^ Enregistrer tout 


Ctrl+S 


Ctrl+Maj+5 


main Dernieres informat 


Exporter le modele... 


Apprendre Mise a niveai 


flj Mise en page... 

Imprimer... 

Fichiers recents 

Projets et solutions recents 

Quitter 


Ctrl+P 


Alt+F4 



Bienv 

La trac 
perme 
applies 
Windo 
develc 
perfor 
nouve 
applies 
Commi 
format 
accedt 
Codinc 


I* Fermer la page apres le chargement du projet 
F Afficher la page au demarrage 


Espace 

Codinc 


Pret 
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INouveau projet 


Modeles recents 


Modeles installes 

Visual C# 


Modeles en ligne 


Trier par : | Par defaut 

—3 iH 


■— 

j Application Windows Forms 

Visual C# 

12 

| Application WPF 


Visual C# 

9 

j Application console 


Visual C# 

a 

Bibliotheque de classes 


Visual C# 

™d*' 

Application de navigateur WPF 

Visual C# 

[c1 

Projet vide 


Visual C# 


BE3 


Rechercher Modeles installes p 

Type: Visual C# 

Projet de creation d'une application en ligne de 
commande 


Nom : I j MatlabDemoDLL 
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EJ MatlabDemoDLL - Microsoft Visual C# 2010 Express 

Fichier Edition Affichage Projet 

Deboguer Donnees ' 

S3 

Nouveau projet... 

Ctrl+Maj+N 

' 1 

■"a 

Ouvrir un projet... 

Ctrl+Maj+O 


\3 

Guvrir un fichier... 

Ctrl+O 

— 


Ajouter 

► 

— 


Ferrmer 



ef 

Ferrmer la solution 



H 

Enregistrer Prograrm.es 

Ctrl+5 



Enregistrer Prograrm.es sous... 



£ 

Enregistrer tout k 

Ctrl+Maj+S 



Exporter le rmodele... 


a n 

a 

Mise en page... 


a 

Irmprirmer... 

Ctrl+P 



Fichiers recents 

r 



Projets et solutions recents 

► 



Quitter 

Alt+F4 


1 





usin£ System.Text; 


Enregistrer un projet 



EEJ- References 


- n 

{ Norm : 


MatlabDemoDLL 


Emplacement : 


Norn 


C:\Documents and 5ettings\Administrateur\nnes documents\visual studio 20*.0\Projects Parcourir... | 

R Creer le repertoire pour la solution 


de solution : J MatlabDemoDLL 




Enregistrer 


Annuler 
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fc Debug 




Fichier Edition Affichage Favoris Outils ? 


9 

Precedents ^ ^ ^ 

Rechercher 

L : Dossiers 

i$ ® X ” 

Adresse j C:\Documents and 5ettings\Administrateur\Mes documents\Visual Studio 2i^J ^ OK 


Dossiers 


Bureau 


El 0 

l Mes 

; documents 

E 

Q 

Downloads 


Ijjji 

Ma musique 

e 

& 

MATLAB 


gj 

Mes images 

E 

0 

Mes videos 

E 

& 

Mon bloc-notes 

E 

& 

My 5A5 Files 

E 

Q 

Visual Studio 2010 


s 

r 3 ! Backup Files 


B 

Q Projects 


pTS 1 MatlabDemoDLL 

E Q MatlabDemoDLL 
□ l£) bin 

l& IBM 


Release 

E (5) obj 
O Properties 
EG ir=1 settings 






MatlabDemoDLL.exe 

MatlabDemoDLL 

Excelsia 



MatlabDemoDLL.pdb 
*«*! l Fichier PDB 
12 Ko 

MatlabDemoDLL.vshost.exe 
vshost32.exe 
Microsoft Corporation 


h 


J Poste de travail 


3 objet(s) 


27.3 Ko 




Note that, in order to call the generated DLL, the DLL must reside either in the same 
directory as your executable or in a directory on your system path through the 
environment variables of the system! 
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Nom 


Dans le dossier 


B MWArray 


,dl 


C: \Program Files\MATLAB\R2013a\toolbox\dotnetbuilder\bin\win32\v2.0 


•r Debug 




Fichier Editic Affichage Favoris Outils 


© 


Precedente 


Rechercher 


Adresse |& ci\Docurr nts and 5ettings\Administrateur\Me5 documents\Visual Studio 21 T I H OK 



k. 


Dossiers 


& 


[ #7 


Dossiers 
Bureau 

Mes documents 
0 £) Downloads 
~~^i Ma musique 
E (£) MATLAB 
ig} Mes images 
ED (B Mes videos 
E (£j Mon bloc-notes 
+] (£j My SAS Files 
0 (£j Visual Studio 2010 
E Backup Files 
0 £3) Projects 

□ (£) MatlabDemoDLL 
E Q MatlabDemoDLL 
E (S) bin 

S Debug 


MatlabDemoDLL.exe 

MatlabDemoDLL 

Excelsia 


^ MatlabDemoDLL.pdb 
Fichier PDB 
12 Ko 


MatlabDemoDLL.vshost.exe 

vshost32.exe 

MicrosoPt Corporation 




Calculators 

0 . 0 . 0.0 




% 


MWArray.dll 
[2.13.0.0 
MathWorks, NET MWArray API 


J Poste de travail 


5 objet(s) 


181 Ko 




MatlabDemoDLL - Microsoft Visual C# 2010 EKpress 


Fichier Edition Affichage Projet Deboguer Donnees Outils Fenetre ? 


i £3 T d # | dfc | T ’ I k | G# I doublemx 



HSE3 


^ 9 ^ e m. Ji h t. ** 


I MatlabDemoDLL. Program 


iMMain(string[] args) 


using System; 

Bnamespace MatlabDemoDLL 

|{ 

E3 class Program 

t 

static void Main(string[ ] args) 

{ 

> 

> 

L> 


Explorateur de solutions 

Hi | j i=P 

Solution 'MatlabDemoDLL' (1 pro jet) 

B- MatlabDemoDLL 

+ ■ Properties 


^ $ X 




Ajouter une reference., 


Ajouter une reference de service... 


Program.es 
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E 


I 


MatlabDemoDLL - Microsoft Visual C# 2010 Express 


Fichier Edition Affichage Projet Deboguer Donnees Outils Fenetre 

I 


Program.es* X 


doublemx 


^ ir feti s 


I ^MatlabDemoDLL. Program 


^ ^%Main(string[] args) 


Eusin^S^stein^ 


using Mat h Wo r ks.MAT LAB. NET. Arr ay s j 
using Calculator^ 


□ namespace MatlabDemoDLL 

{ 

El class Program 

{ 

static void Main(string[ ] args) 

{ 

} 

} 

} 


T 


Explorateur de solutions 


Q, I S? g| E 

□ Solution 'MatlabDemoDLL' (1 projet) 
-I ,J3 MatlabDemoDLL 

0- Ba Properties 

- - _ . References 

□ ^Calculatoij 
• Q MierosoFt.C Sharp 
f o MWArray 1 

System 
System.Core 
Program.es 
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Passing a constant, vector and matrix 


Because C# vectors are column vectors and MATLAB vectors are line vectors, there is a trap 
for passing vector variables. 
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B Editor - C:\Doc 

uments and 5ettings\Administrateur\Mes documents' 1 , MATLAB\calculator.m 

EDITOR 


PUBLISH 

VIEW 








O a 

m 

L^J Find Files 

Insert 

IAS ’ 



□ ■=: 

□ ~ 

1 ^ 

& 

lj l^j Run Section 




lj Compare » 

Comment 


cj>| Oo To » 






New Open 

Save 

L - = ‘ 



Breakpoints Run 

Run and 

Run and ^ Advance 

T ■ W 1 

■w 

C=m Print » 

Indent 

B tii la 

._ x Find ^ 


•W 

T 

Time 

Advance 


FILE 



EDIT 

NAVIGATE 

BREAKPOINTS 


RUN 

v| calculator.m 

X 



1 

2 - 
3 - 


function result calculator (A, B, C) 
result=A*B+C; 

end 


MatlabDemoDLL - Microsoft Visual C# 2010 Express 


A = 


Fichier Edition Affichage Projet Deboguer Donnees Outils Fenetre 

jjjp Ejl - fd S * <4i (ft' 

| i ] ^ ^ H ^ ^ 

fpragraTcs^r 


-1 


2 a 

1 


B = 




v 1 y 


,c = 1 


| MatlabDemoDLL, Program 

|Busing System; 


^Main(string[] args) 


using calculator; 

u s i n g Hat hWo r ks , HAT L AB , N ET , Ar r ay s ; 


|E namespace HatlabDemoDLL 

|{ 

B class Program 

{ 

static void Hain(string[ ] args) 

{ 

var calc = new calculator. deiro( ); 

double[^] a={ { 1, 2 }, { -1 , 1 } }; 
double^] b = new double[2_*l]; 
double c = 1; 

HWArray result; 


b[0, 0] 

b[l, 0] 


-i; 

i; 





result = calc, calculator((i Ti'.'NufrericArray) aj (MWNumericArray) b* (MMMumericArray) c) ; 

Console. Write(result); 

Console, Read(); 


[} 


g||i]|a 

C3 Solution 'MatlabDemoDLL' (1 pro jet) 
El 09 MatlabDemoDLL 

B- LJ Properties 

. AssemblyInfo.es 

Eh J References 
-Q calculator 
*Q Microsoft,CSharp 
•Q MWArray 
•Q System 
-a System.Core 
a Program.es 


c==v file:///C: /Documents and Settings/fldministrateur /mes documents/visual studio 2010 /Projects 
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Compile DLL and call from C 


EWTOR 

PUBLISH 

VIEW 


Q 

New Open 

V w 

Fites 

Lj Compare ~ 

Save 

^ ^ Phnt ▼ 

RLE 

Insert 

Comment 

Indent 

J* if. - 

% x U 

El tLiif 

EDIT 


fl□ function y»MeanFunccion(x) 
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C Shared Library 


q MATLACP roj ect.prj 


w 

iTETl 


©- 


Build 


Package 


Exported Functions 


% 


Mea n Punch on .m 


Add files 


Shared Resources and Helper Files 


Place images, datafiles, and GUIs (.fig files) here if they are 

ref Bran ced by any of your functions. 

Also place licit 

* Functions that arc called using tval (and its 
variants] 

# Functions that are not on the MAT LAB path 

• Functions yo u want to b e private 

* External C or C+ + code that you want to compile 
and link into the application 


C Shared Library 


t§ MATLACP roj ect.prj 





Guild 


Package 


Package (1 KB) 


±\ MATLAt Project, dll 
±\ MATLAt Project, h 
±\ MATLAt Project, l ib 
_*] readme.trt 


Add files/folders AddlVO 
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4 Build 


i J Build finished. 


^ Hide Details 


Close 


se .I 


copy 

’C:\tmp\MATLACProject\src\MA7LACProj ect.dll’ 
'C: \tmp\HATLACProject\di3trib\MATIjACProject. 
copy 'C:\tjnp\MATIACProject\src\MA’TLACProject 
*C: \tmp\l-!ATIACPro]ect\distrib\MATIiACProject. 
copy ' C:\tirip\MATLACProject\src\readine.txt' 

* C: \tmp\MATLA.CPro3ect\di3trib\readme. txt* 

4 







[<=> t=i***J' 

• 

Ordinateur ► OS (C:) ► tmp ► 

MATLACProject ► distrib 

▼ P | 

Fichief Edition 

Affichage Outils ? 



Organiser ▼ 

Inclure dans la bibliotheque ▼ 

Partageravec ▼ Graver 

Nouveau dossier £= ▼ Q3 


> 1 del! 

> Jb Drivers 

> i IDE 
0 Intel 

> , PerfLogs 

t> 1 Program Files 
l> i Program Files (x86) 
Temp 
4 tmp 

4 MAT LAC Project 

1 distrib 


Nom 

IS MATLACProject.dll 
B MATLACProjecth 
g) MATLACProject.lib 
readme.txt 


Modifie le 

2510-2014 21:42 
2510.2014 21:42 
2510.2014 21:42 
2510.2014 21:42 


Type 

Extension de Lapp... 
C/C+* Header 
Source Browser D... 
Document texte 


Ta 


i 


m src 
0 £ Users 
l> Windows 

> Resea u 




4 element(s) 


1 
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l 63 1 13 


OCMF ► Ordinateur ► OS(C:) ► tmp ► MATLACProject ► src 


4 Rechercherdans; src 


Fichier Edition Affichage Outils ? 


Organiser ▼ 

t> i dell 

> ^ Drivers 
t>> IDE 

t> A Intel 
t> j Perflogs 

> ^ Program Files 

> i. Program Files (x86) 

Temp 
J A tmp 

MATLACProject 
Ji distrib 


Inclure dans la bibliotheque ▼ 

* Nom 


Partageravec ▼ Graver 


[l) MATLACProject.c 
MATLACProject.dll 
B MATLACProject.exp 
[ MATLACProject.exports 
El MATLACProject.h 
(D MATLACProject.lib 
L mccExcludedFiles.log 
readme.txt 


Nouveau dossier 

Mod'rfie le 

2510-2014 21:42 
2510.2014 21:42 
2510.2014 21:42 
2510-2014 21:42 
2510.2014 21:42 
2510.2014 21:42 
2510.2014 21:42 
2510.2014 21:42 


S= v SI © 

Type 1 

C Source 

Extension de Lapp... 
Source Browser D... 
Fichier EXPORTS 
C/C+ + Header 
Source Browser D... 
Document texte 
Document texte 


*. src 


t>^ Users 
\> J Windows 

> Resea u 


1 


8 element(s) 


readme.txt - Bloc-notes 




i°|a 


Fichier Edition Format Affichage 


Viatlab Compiler 

1. Prerequisites for Deployment 

. verify the matlab compiler Runtime (mcr) is installed and ensure you 
have installed version 8.1 (R2013a). 


. if the mcr is not installed, do the following: 

(1) enter 

»mcr install er 

at matlab prompt. The mcrinstaller command displays the 
location of the mcr installer. 

(2) run the MCR installer. 

Or download the windows 64-bit version of the mcr for R2013a 
from the Mathworks web site by navigating to 

http://www.mathworks.com/products/compiler/mcr/index.html 


For more information about the mcr and the mcr installer, see 
Distribution to End users in the matlab compiler documentation 
in the Mathworks Documentation center. 


note: you will need administrator rights to run MCRlnstaller. 


5 


2. Files to Deploy and Package 
Files to package for shared Libraries 

< ► 
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Compile JAR and call from JAVA 


ifjpmmand Window © 


>> version -java 


ans = 


Java 1.6.□_17-bO i 4 with Sun Microsystems Inc. Java HotSpot(TM) Client VM mixed mode 

A » 


http://www.oracle.com/technetwork/iava/iavase/downloads/java-archive-downloads-iavase6- 

419409.html#idk-6u45-oth-JPR 
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Opera 

Java Archive Download... X I 

«- -► x ®- # © Web I orade.com techne tvvork,'java,'javase.-| Elements : 38/39 | [HI T Rechercher avec Google | 


ORACLC 

Sign In/Register Help Country ^ Communities^ lama... v 1 want to... ^ Search Q, 

Products Solutions Downloads Store Support Training Partners About 

Oracle Technology Network >■ J 

ava > Java SE > Downloads 


Java SE 
Java EE 
Java ME 

Java SE Support 

Java SE Advanced & Suite 

Java Embedded 

Java DB 

Web Tier 

Java Card 

Java TV 

New to Java 

Community 

Java Magazine 


Overview | Downloads | Documentation || Communi1y~"|[ Technologies ][ Training | 


Java SE 6 Downloads 

Go to the Oracle Java Archive page. 

Thankyou for downloading this release of the Java™ Platform, Standard Edition Development Kit 
(JDK™). The JDK is a development environment for building applications, applets, and 
components using the Java programming language. 

The JDK includes tools useful for developing and testing programs written in the Java 
programming language and running on the Java™ platform. fe 

WARNING: These older versions of the JRE and JDK are provided to help developers debug 
issues in older systems. They are not updated with the latest security patches and are not 
recommended for use in production. 

For production use Oracle recommends downloading the latest JRE and JDKversions and 
allowing auto-update. 

Only developers and Enterprise administrators should download these releases. 

Downloading these releases requires an oracle.com account. If you donl have an oracle.com 


3 


Java: 
Java SE 

Java EE 

Java ME 

Java C; 

NetBea 

Java Mi 

Ja\ 
Java AF 

Technic 

Demos 

Forums 

Java M; 

Java.ne 
Develot , 


El 



f 4 X • © Web | www.oracle.conf\.'t^clnRtwork.. ; java/java5^,| Elements : 44/45 ] j El T Rechercher avec Google j fiQii 


Java SE Development Kit6u45 _ 

You must accept the Oracle Binary Code License Agreement for Java SE to download this 

software. 

Accept License Agreement (o Decline License Agreement 


Product 1 File Description 

File Size 

Download 

Linux x86 

65.46 MB 

± jdk-6u45-linux-i586-rpm.bin 

Linux xS6 

63.47 MB 

± jdk-6u45-linux-i586.bin 

Linux x64 

65.69 MB 

± jdk-6u45-linux-x64-rpm.bin 

Linux x64 

68.75 MB 

± jdk-6u45-linux-x64.bin 

Solaris xS6 

63.38 MB 

± j d k- 6 u 4 5-s o 1 a ri s- i 5 3 6. s h 

Solaris x86 (SVR4 package) 

120 MB 

± j d k- 6 u 4 5-s o 1 a ri s- i 5 8 6 ta r.Z 

Solaris x64 

8.5 MB 

± jdk-6u45-solaris-x64.sh 

Solaris x64 (SVR4 package) 

12.23 MB 

± j d k- 6 u 4 5-s o 1 a ri s-x6 4 .ta r.Z 

Solaris SPARC 

73.41 MB 

± jdk-6u45-solaris-sparc.sh 

Solaris SPARC (SVR4 package) 

124.74 MB 

± jdk-6u45-solaris-sparc.tar.Z 

Solaris SPARC 64-bit 

12.19 MB 

± jdk-6u45-solaris-sparcv9.sh 

Solaris SPARC 64-bit (SVR4 package) 

15.49 MB 

± idk-6u45-solaris-sparcv9.tar.Z 

Windows x36 

69.35 MB 

± jdk-6u45-windows-i586.exe 

Windows x64 

59.96 MB 

± jdk-6u45-windows-x64.exe 

Linux Intel Itanium 

53.89 MB 

± jdk-6u45-linux-ia64-rpm.bin 

Linux Intel Itanium 

56 MB 

± jdk-6u45-linux-ia64.bin 

Windows Intel Itanium 

51.72 MB 

± jdk-6u45-windows-ia64.exe 

Back to top 





Java SE Runtime Environment Gu45 


0 

< 1 

rrr 


► 

El A A 


* .= 
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For MATLAB 2013a install JDK 6.45 but for NetBeans install at least the JDK 7.0 (it's not a 
problem to have more than a version install on the same computer): 
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k 


j 3 J^ Java Setup - Destination Folder 

□ 

Destination Folder 



ORACLE' 

7™^ Click "Change... 11 to install Java to a different folder. 

|ava^ 



Install to: 

C:\Program Files\Java\jre6\ Change... 


Cancel 


Next > 
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Java(TM) SE Development Kit 6 Update 45 - Complete 



|xj 

ORACLE 


lava 


Successfully Installed Java(TM) SE Development Kit 6 Update 45 


Click Next Steps to access tutorial API documentation, developer guides, release notes 
and more to help you get started with the JDK. 


Next Steps 


Close 
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^ NetBeans IDE Installer 


JUnit License Agreement 

Please read the following license agreement carefully. 


BBS 


NetBeansiDE 


JUnit 

Common Public License - v 1.0 

THE ACCOMPANYING PROGRAM 15 PROVIDED UNDER THE TERM5 OF THI5 COMMON PUBLIC 
LICENSE ("AGREEMENT"). ANY USE, REPRODUCTION OR DISTRIBUTION OF THE PROGRAM 
CONSTITUTES RECIPIENT'S ACCEPTANCE OF THIS AGREEMENT. 

1. DEFINITIONS 

"Contribution" means: 

a) in the case of the initial Contributor, the initial code and 
documentation distributed under this Agreement, and 

b) in the case of each subsequent Contributor: 

i) changes to the Program, and 

ii^ arlrliHf-.r-.t- hr. hi - , .a Dk r.n k arr. ■ 


d 


JUnit is a Java unit testing framework 
(+ |[.accept the terms jn the license.agreement. insta|| jUnid 

C Do not install JUnit ^ 


< Back 

Next > 


Cancel 
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Variables d'enYironnement 


Variables utilisateur pour Administrates 


Variable 

Valeur 

Ijava home 

C:\Proaram FilesUava\idkl.6.0 45 

TEMP 

TMP 

C:\Docurments and 5ettings\Adminh<rat... 
C:\Docurments and 5ettings\AdmintS&at... 


Nouveau 


Modifier 


5upprimer 


Variables systeme 


Variable 

Valeur 


CLA55PATH 

.;C:\Program Files\QuickTime\QT5ystem... 

ComSpec 

C: \ WINDO W5\sy stem32\cmd. exe 

FP_N0_H05T_C... 

NO 

INTEL_DEV_RED... 

C:\Prograrm Files\Fichiers communs\Intel... 

KMPJXJPLICAT... 

TRUE 

d 


Nouveau 


Modifier 


OK 


Modifier la variable systeme 


Norm de la variable : | CLA55PATH 



Supprimer 


Valeur de la variable : | ;C:^Program File:;\MATLAB\R2013a\toolbox 

Annuler 


OK 


Once this is done don’t forget 
during compilation). 


to restart y< 


you computer (sometimes it helps to avoid issues 


£ C:\demoCalc.m 


EDITOR 


PUBLISH 




\ ... & - - © ® a - 2 

unction demoCalc 
x = 5; 


csvwuite( 1 variable.csv 1 ,x) 


end 
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HOME 

PLOTS 



Get More Install 

Package 

Apps App 

App 

FILE 


: G& iidi t 


: + + U P ^ ► cj 

Command Window 


APPS 


I Search Decun 


Search 


f* » 


FAVORITES 

9 

1 

0 

1 

0 

Database 

Explorer 

Curve Fitting 

Optimization 

SimBiology 

MATLAB Coder 

matKb 

Compifer 


a 


MuPAD PID Tuning System Signal Analysis Imag 

Notebook Identification Acquis 


I MATLAB Compiler 

Build MATLAB applications and components tor deployment (deploytool) 


Deployment Project 


New | Open | 

Name: jjavaMATLAB.prj 


Location: |C:\ 


Type: 


l@- Java Package 





_ T 
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1 j Build finished. 


V 


a Hide Details 


Generating ^ 

C:\JavaMATLAB\sue\doc\html\stylesheet.css... 
copy 'C:\JavaMATLAB\src\doc 1 
1 C:\JavaMATLAB\distrib\doc 1 
copy 1 C : \ JavaMATLAB\ sr c\ JavaMATLAB .jar 1 
1 C:\JavaMATLAB\distr±b\JavaMATLAB.jar 1 
copy 1 C:\JavaMATLAB\src\readme.tit 1 
1 C:\JavaMATLAB\distrib\readme.txta 

|l_I 

Save to log Pile 



ftr distrib 


Fichier Edition Affichage Favoris Outils ? 


& Precedents ^ 0 Ef P Rechercher 


Dossiers 


* X “9 Em 


Adresse |(£) C:\JavaMATLAB\distrib 


Dossiers 


Bureau 

a Mes documents 
E j Poste de travail 

+ Disquette 3 Vi (A:) 

- Disque local (C:) 

+ £3 Documents and Settings 
E (£) Inetpub 
E IS) Jav aMATLA B 

H e l— 

S (£j doc 
H IS) sre 




doc 


readme.txt 
Document texte 
SKo 




JavaMATLAB.jar 
Executable Jar File 
495 Ko 
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I NetBeans IDE 8.0.1 


File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help 


3 New Project... 

Ctrl+Maj+N 

‘Pi NeJ^lile... 

Ctrl+N 

i,-H Open Project... 

Ctrl+Maj+O 

Open Recent Project 

► 

Close Project 

Close Other Projects 
Close All Projects 
Open File... 

Open Recent File 

► 

Project Groups... 

Project Properties 

Import Project 

► 

Export Project 

► 

Save 

Save As... 

Ctrl+S 

Save All 

Ctrl+Maj+S 

Page Setup... 

Print... 

Print to HTML... 

Ctrl+Alt+Maj+P 

Exit 


H [> 


nj> 17 




Learn & Discover 

My NetBeans 

What's New 




Demos & Tutorials 

Java SE Applications 

Java and JavaFX GUI Applications 

Java EE & Java Web Applications 

C/C++ Applications 

RHP and HTML5 Applications 

Mobile and Embedded Applications 

All Online Documentation » 


Feature 


Video: Angu 


^ New Project 


Steps 


1. Choose Project 

2 . ... 



El 


Choose Project 


<X Filter: 


Categories: 1 

Projects: 

;. Cl ^va 

fy'Jlava Application 

C~l JavaFX 

^ Java Class Library 

1. Cll Maven 

^ Java Project with Existing Sources 

!. Q] NetBeans Modules 

2% Java Free-Form Project 

lil-Fl Samples 



Description: 


Creates a new Java SE application in a standard IDE project. You can also generate a main 
class in the project. Standard projects use an IDE-generated Ant build script to build, run, and 
debug your project. 


< Back 

Next > 

Finish 

Cancel 

Help 
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To avoid some problems on some computers also 
javabulilder.jar for the toolbox folder: 


reference the MATLAB 


This will give you: 
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Projects X Files Services 
demoMATLAB 

Source Packages 
- |_| demomatlab 


pemoMATLAB.java 


3-S^_Ubraries_^^_^^^ 
+ j JavaMATLAB.jar 
+ jrj javabuilder.jar 
fr-g] JDK 1.3 (Default) 


13 


On some computers it is also necessary to add the following files and path ton 
system variables: 

C:\Program Files\MATLAB\R2013a\toolbox\javabuilder\jar\javabuilder.jar 
C:\JavaMATLAB\distrib\JavaMATLAB.jar 



Once this is done don't forget to restart you computer (sometimes it helps to avoid issues 
during compilation). 
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demoM ATLAB - NetBeans IDE 8.0.1 


File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help 


0 QS ^ ^ |<default config> VJ 'gS 0 T lli> 


Projects x Files 


Services 


0 


^ demoMATLAB 

Source Packages 
!-J™§| demomatlab 

L - fe DemoMATLAB.java 
s-Q Libraries 

3 uj JavaMATLAB.jar 
- B9 JavaMATLAB 

0 JavaMATLAB.ctf 
@ JavaMATLABMCPFactc 
@ demoCalc.class 
0 demoCalcPemote.class 
+ £0 META-INF 
f+I uj javabuilder.jar 
a-g JDK 1.8 (Default) 


iL 


J 


main - Navigator x 


0 


Members 

□ DemoMATLAB 

L.. ^ 

main(String[] args) 




& |[*T n 


Start Page x 


Source 


History 


^ DemoMATLAB. java x | 

§ • ^ ^ ^ B Ci & I Si SI 


□ 


& 

2 

3 

4 

5 

6 

7 

8 0 

9 

10 
11 
12 

13 

14 

15 

16 
17 


Import com.mathuorks.toolbox.javabuilder.*; 
imp o r t J avaHATLAB.*; 

public class DemnMATLAB { 

/ * * 

* ijparam args 


*/ 


3) { 


public static void jraain(String[] args) 
try { 

demoCalc JavaHATLABclass= new demoCalc(); 
System. out. printIn( "JavaHATLAB" ); 

J avaHATL AB c1as s.demoCalc(); 

}catch (Exception e){ 

System. out. println(e); 

} 

} 


. DemoMATLAB y (J) main y try y 


Output - demoMATLAEi (cleanjar) X 


Beforing building the project check that the class name is really correct: 


1 

B0 

a 

(%| 

| j, 


I demoMATLAB - NetBeans IDE 8.0.1 


File Edit View Navigate Source Refactor Run Debug Profile Tec 


Projects X 


Files 


Services 


]<default config> ¥ 

|<default config> 

nnoM£ 


- & demoMATLAEi 

- fQ Source Packages 



v 


Source History 


Gk PI ■j TriT'i n T" t r j f 
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demoMATLAB - NetBeans IDE 8.0.1 


File Edit View Navigate Source Refactor 


|Q Q 

1 tS 




Projects X Files 


Services 


0 


E -fil' demoMATLAB 

- Q5 Source Packages 
Q demomatlab 

- -DemoMATLAB.java 
B"Sl Libraries 

F- ■ 0 JavaMATLAB. jar 

- Q3 JavaMATLAB 

I. Q JavaMATLAB.ctf 

|. \S\ JavaMATLABMCPFactc 

I.@ demoCalc.class 

Pi demoCalcPemote.class 
i-g META-INF 
+ Pi javabuilder.jar 
0-g] JDK 1.8 (Default) 


J 2J 


msin _ hls\;inHtriK X 


14 

15 

16 
17 


System. out. println(e) 


Pun Debug Profile Team Tools Window 

Help 

[> Pun Project (demoMATLAB) 

F6 

Test Project (demoMATLAB) 

Alt+F6 

Build Project (demoMATLAB) 

FI 1 

U? Clean and Build Project (demoMATLAIJJ 

Maj+Fll 

— 

Set Project Configuration 

► 

Set Main Project 

► 

Generate Javadoc (demoMATLAB) 

Pun File 

Maj+F6 

Test File 

Ctrl+F6 

Compile File 

F9 

Check File 

Alt+F9 

^ Validate File 

Alt+Maj+F9 

Repeat Build/Pun: demoMATLAB (dean,jar) Ctrl+Fll 

Stop Build/Pun 

_ 


$> I Si 3 


ildeu.*; 


] args) { 

s=new demoCalc() 
aMATLAB") ; 
c(); 
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mas 


ftr dist 



Dossiers 
njj Bureau 

HI 0 Mes documents 
± Q Downloads 
MATLAB 

B Q My SAS Files 
□ Q NetBeansF'rojects 
B £) demoMATLAB 
+ build 



README.TXT 
Document texte 
2 Ko 


lid 

i demoMATLAB.jar 
Executable Jar File 

2 Ko 



b d ESI 

& lib k 

+ & nbproject — J, 6 

+ & src 
B J Poste de travail 

B Disquette 3^ (A:) 

+ ^ Disque local (C:) 

3 objet(s) 2.80 Ko J Poste de travail 


We get the expected result but when we open the file in the NotePad: 
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BnD 


Fichier Edition Affichage Favoris Outils 




Q Precedents ^ 0 0\ Rechercher te Dossiers (3 X ■O Imh 


Adresse C:\Documents and 5ettings\Administrateur\Mes documents\NetBeansProjects\demoMATLAB\dist 


10 


OK 


Dossiers 


pjf Bureau 

□ O Mes documents 

+ E Downloads 
E MATLAB 
+ & My 5A5 Files 
□ E NetBeansProjects 
□ E demoMATLAB 
+ E build 
□ E dist 

E lib 

+ E nbproject 
ffl E src 

□ J Posts de travail 

+ ^ Disquette 3!£ (A:) 
!+' ^ Disque local (C:) 

+ Lecteur DVD (D:) 

+ Favoris reseau 
..$) Corbeille 
m E Divers 


\M 


demoMATLAB.jar 
Executable Jar File 
2 Ko 


README.TXT 
Document texts 
2 Ko 


a. 


^ variable.csv 

Fichier de valeurs separees pa.. 
1 Ko 


1 variable.csv - Bloc-notes 

. HBB 

Fichier Edition Format Affichage ? 

H 

□ 

[H 


1 

J 



Type : Fichier de valeurs separees par une virgule (C5V) Microsoft Office Excel Date de modification : 27.1 2 octets J Posts de travail 


... And if we open it in Microsoft Excel: 
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VHDL 

We will use two scripts for the topic. One containing the script and one to call it for test 
purposes. 


C:\Documents and 5ettings\Administrateur\Mes documents.M ATLAEf.adder.m 

EDITOR PUBLISH VIEW 


li^liil ® a - £ 


1 

2 - 
3 - 


F function x = adder:(a,to) 
x=a+b; 

end 


C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\testAdder.m 

EDITOR PUBLISH VIEW 


I3i. EH 

1 - f=adder(3,0.1); 

2 - f=adder (2,0.4) ;| 
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Command Window 


fx » 



"v 3 5P & ► C: ► Documents and Settings ► Administrates ► Mes documents ► MATLAB 


A very important thing: the active directory must have no spaces!!! 


< MATLAB R2013a 


HOME 


PLOTS 


fiy 

@ i 

Get More 

Install 

Package 

Apps 

App 

App 

_ 

FILE 



APRS 


SHORTCUTS 


Search 


!—J ^pp* 

Q adder.m 1KB 

^simRLC.sIx 14 KE 

\ simRLCSwitch.sIx 15 KE 
simSourceScope... 8 KB 


- MATLAB HDL Coder Project 


Molecule 

Viewer 


NOS Browser 


Phylogenetic 

Tree 


Sequence 

Alignment 


Sec 

Vi 


CODE GENERATION 



HDL Coder 

Generate HDL code from MATLAB code (hdlcoder) 
HDL Coder 3.2 


HEIR 


New | Open | 

Name: |vHDL_f)emo.prj 

Location: |ents and Settings\Administrateur\Mes documents\MATLAB 




OK 


Cancel 
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HDL Code Generation © 


iMj 

„ h VHDL Demo.prj 

d 



MATLAB Function 


B ||i| adder.rm 


Click to define 
Click to define 

Remove MATLAB function Autodefine types 


MATLAB Test Bench 


Specify the top-level MATLAB test script or function that calls the 
MATLAB design function. 

Add only the file that you would call directly from MhlLAB. Do not add 
files that are called by this test file. ™ 


After specifying your design function and test bench above, use the 
Workflow Advisor to generate code. 


Workflow Advisor 



Add files 


HDL Code Generation 


h VHDL_Demo.prj 


-d 


▼ I 


MATLAB Function 

€> 

□ f x adder.m 


a 

Click to define 

b 

Click to define 

Remove MATLAB function Autodefine types 


MATLAB Test Bench 

© 


Add files 

After specifying your design f 
Workflow Advisor to generate 

unction and test bench above, use the 

:code. 

■ 

,**, Workflow Advisor 
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* HDL Code Generation 


mi STB 


J HDL Workflow Advisor 
I I Define Input Types 
Fixed-Point Conversion 
HDL Code Generation 
B- HDL Verification 

Verify with HDL Test Bench 
Verify with Cosimulation 
Verify with FPGA-in-the-Loop 
B Synthesis and Analysis 

Create Project 


Run Logic Synthesis 
Run Place and Route 


HDL Advisor helps you generate synthesizable HDL code from your fiHed-point MATLAB design. It also helps you 
convert your floating-point MATLAB design to fixed-point based on your selections. 


Fixed-point conversion: 
Build folder: 


Convert to fixed-point at build tirm 


| Project folder 


13 

~3 



* HDL Code Generation 


UME\ 


B -_ HDL Workflow Advisor 
© Define Input Types 
■ I Fixed-Point Conversion 
HDL Code Generation 
B"H HDL Verification 

Verify with HDL Test Bench 
Verify with Cosimulation 
Verify with FPGA-in-the-Loop 
Synthesis and Analysis 
Create Project 
Run Logic Synthesis 
Run Place and Route 


Define MATLAB function input types 

MATLAB Function: adder.m 


Test Bench: 


| * test Adder, m 

w 

+ 1 

Id 


Define the input types for adder.m below, or dick Run to autodefine them by running the selected test bench, 

a double(l x 1) 

b double(l x 1) 




B 

^ Run 


* HDL Code Generation 




B •_ HDL Workflow Advisor 
© Define Input Types 
Fixed-Point Conversion 
HDL Code Generation 
HDL Verification 

■ Verify with HDL Test Bench 

■ Verify with Cosimulation 

■ Verify with FPGA-in-the-Loop 
Synthesis and Analysis 

Create Project 
Run Logic Synthesis 
Run Place and Route 


- 


E 


y© 


Run Simulation 


Compute Derived 
Ranges ^ 


Function: 


fx adder ▼ 


TYPE PROPOSAL 


DATA COLLECTION 



1 function x=adder(a,to) 
x=a+to; 

3 end 


Variables Function Replacements 

Simulation Output 



Variable 

Type 

| Sim Min | Sim Max | Static Min 

| Static Max | Whole Nu... 

Proposed Type 

a Input 





a 

double 

2 3 

Yes 

numerictype(0, 3, □) 

b 

double 

0.1 0.4 

No 

numerictype(0, 14... 

A Output 





X 

double 

2.4 3.1 

No 

||umerictype( 0 , 14, 12 [ 


The best thing to do is to get the $ at each workflow step: 
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HDL Code Generation 


HDL Workflow Advisor 
Q Define Input Types 

OBSHS 

HDL Code Gener 
HDL Verification 
Verify with h 
Verify with C 
Verify with F 


SJ Run to Selected Task 


ion Comf: 
R; 

frCOLLECTI 


Reset This Task 


- 


Synthesis and Ai # What's This? 
Create Project 


,r-. I C. ,r.l-kr.. 


m x=ad 
i+to; 


HDL Code Generation 


_ HDL Workflow Advisor 
Q Define Input Types 
Q Fixed-Point Conversion 

I 

■ HDL Verifica 
Verify w 
Verify w 

Verify w Reset This Task 

Synthesis ar 

Create! ; What s This? 
Run Logic Synthesis 
Run Place and Route 


Generate synthesizable I 



* HDL Code Generation 


hhe 


- ■© HDL Workflow Advisor 
© Define Input Types 
© Fixed-Point Conversion 

, OiBBBI 

- .A, HDL Verification 

Verify with HDL Test Bench 
Verify with Cosimulation 
Verify with FPGA-in-the-Loop 
B-A Synthesis and Analysis 

|_ Create Project 

Run Logic Synthesis 
Run Place and Route 


Generate synthesizable HDL code from the fixed-point MATLAB code. 

Target | Coding Style | Clocks & Ports | Optimizations | Advanced | Script Options | 
Target Selection 
Language: 


VHDL 


31 


Output Settings 
|“ Check HDL conformance 
w Generate HDL 


d 


@1 


fe Run 


### Begin VHDL Code [generation 

UUU Working on adder_FixPt as adder_FixFt.vhd 

### Generating Resource Utilization Report resource_report.html 
### Elapsed Time: 11.1157 sec [s) 


Have a look to the final code by clicking on the link adder_FixPt.vhd: 
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£ C:\Documents and 5ettings\Administrateur\Mes documents\MATLAB\codegen\adder\hdlsrc\adder_FiKPt.vhd 


HE3E 


EDITOR VIEW 




n 7 

G8 M B © a - 

36 





3 





37 

LIBRARY IEEE; 





38 

USE IEEE.std_logic_1164. ALL; 





39 

USE IEEE.numeric std.ALL; 





40 






41 

ENTITY adder FixPt IS 





42 

PORT ( elk 

IN 

std logic; 



43 

reset 

IN 

std logic; 



44 

elk enable 

IN 

std logic; 



45 

a 

IN 

std logic vector(2 DOWNTO □) ; 

— ufix3 


46 

b 

IN 

std logic vector(13 DOWNTO □); 

— ufixl4 Enl5 


47 

ce out 

OUT 

std logic; 



48 

X 

OUT 

std logic vector(13 DOWNTO □) 

— ufixl4 Enl2 


49 

); 





50 

END adder FixPt; 





51 






52 






53 

ARCHITECTURE rtl OF adder_FixPt IS 





54 






55 

— Signals 





56 

SIGNAL enb 

: std logic; 



57 

SIGNAL a unsigned 

unsigned 

[2 DOWNTO □); — ufix3 



58 

SIGNAL b unsigned 

unsigned 

(13 DOWNTO □); — ufixl4_Enl5 



59 

SIGNAL x trap 

unsigned 

(13 DOWNTO 0); — ufixl4_Enl2 



60 

SIGNAL adder FixPt add cast 

unsigned 

[IS DOWNTO 0); — ufixl9 Enl5 



61 

to 

SIGNAL adder FixPt add cast 1 

.-..-a.-].-. .-a.-] 

unsigned 

. nil-..-.-; 

(18 DOWNTO 0); — ufixl9_Enl5 

f 1 O T-. T.TTi T T 1 .“i (“IS- i , -P -J , P -| n TP « 1 IT 




M.. —II-—HI---1—1-1—I-1 

IT 


MATLAB 


1361/1357 












